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Supplementary figure legends: 

 

Figure S1:  

Schematic model of the CIA pathway in opisthokonts. Dre2 along with the diflavin 

reductase Tah18, form an electron transfer chain with the use of NADPH for Tah18-

dependent reduction of one of the two Fe/S clusters of Dre2.  The nuclear binding 

proteins Nbp35 and Cfd1 form a scaffold complex responsible for assembling of transient 

bound Fe/S cluster in an early step of the biosynthetic process.  In a later stage the Fe/S 

clusters are transferred to apo-proteins via Cia1 and Nar1 proteins.  Lastly, MMS19 and 

Cia2 form a complex with Cia1 and Nar1 that facilitates the transfer of mature clusters to 

apo-proteins.  

 

Figure S2:  

Identification of functionally important structures in eukaryotic Cia1 sequences.  

Sequence alignment of Cia1 protein sequences from microbial eukaryotes against the 

published structure of the yeast Cia1p (3). Cia1 are WD40 proteins that contain 28 β-

sheet structures highlighted in green. Potential helices are highlighted in pink.  We used 

the PSIPRED server (1) for the structure prediction of the different proteins. 

 

Figure S3: 

Conservation of functionally important residues in Nar1 sequences from microbial 

eukaryotes. Sequence alignment of Nar1 protein sequences against orthologous proteins 

from microbial eukaryotes have demonstrated the presence of a ferredoxin-like domain 



(highlighted in blue) along with conserved residues forming an H-cluster domain 

(highlighted in yellow).  Cysteines (potentially involvement in Fe/S cluster binding) are 

marked in red.  

 

Figure S4: 

Conservation of functionally important residues in Nbp35 and Cfd1 sequences from 

microbial eukaryotes. Sequence alignment of Nbp35 and Cfd1 protein sequences 

against bacterial and eukaryotic orthologous proteins. The conserved N-terminal 

CX13CX2CX5C motif (2) found only in the Nbp35 eukaryotic homologues is 

highlighted in blue. The Mrp family signature is indicated in green, the conserved Walker 

A motif is highlited in grey, whereas the C-terminal CPXC is highlighted in yellow. 

Cysteines (potentially involvement in Fe/S cluster binding) are marked in red. Cfd1 

protein sequences are shaded in grey for comparison with the Nbp35 homologues.  

 

Figure S5: 

Western blot analyses of the expression of Blastocystis IscS, Nar1, Nbp35, SufCB 

and Tah18. Western blots demonstrating the cellular localization of the Blastocystis 

components of Fe/S cluster biosynthesis. The heterologous anti-yeast Nbp35, Nar1 and 

Tah18 antisera shows specific detection of Blastocystis Nbp35, Nar1 and Tah18 proteins 

with apparent relative molecular mass of 36 kDa, 83 kDa and 75 kDa respectively in the 

cytosolic fraction, but absent in the MRO fraction, that is consistent with the absence of 

this protein in the mitochondria. In the blot of Nbp35 protein, a double band appears, 

which could be a result of degradation of the protein. The full-sized western blots are 



shown on the right panel. Noted that in the case of the Nbp35 protein, a second band is 

present in an apparent molecular weight of 72 kDa (indicated with “**”) in the cytosolic 

fraction, which could be a result of dimmerisation of the aforementioned protein. The 

Blastocystis SufCB antiserum shows specific detection of Blastocystis SufCB with an 

apparent relative molecular mass of 77 kDa in the cytosolic fraction as well (positive 

control). The heterologous anti-Trichomonas vaginalis IscS antisera shows specific 

detection of Blastocystis IscS (4) with an apparent relative mass of 47 kDa in the MRO 

fraction (MRO positive control). 

 

Figure S6: 

Immunolocalization of Nbp35, Nar1 with MitoTracker  in Blastocystis sp. 

a. Cellular localization of the Nbp35 and MitoTracker in Blastocystis cells. i. Rabbit anti-

yeast Nbp35 antibody (1:200) detects Blastocystis Nbp35 protein. ii. Localization of 

MitoTracker staining. iii. Overlapping of the previous images showing the localization 

pattern of Nbp35 and no co-localization with MitoTracker iv. Differential interference 

contrast (DIC) image of the cells used for immunofluorescence. b. Cellular localization 

of  the Nar1 and MitoTracker in Blastocystis cells.  i. Rabbit anti-yeast Nar1 antibody 

(1:100) detects Blastocystis Nbp35 protein. Localization of MitoTracker staining. iii. 

Overlapping of the previous images showing the localization pattern of Nbp35 and no co-

localization with MitoTracker iv. Differential interference contrast (DIC) image of the 

cells used for immunofluorescence.  Scale bar, 5 µm.  

 

Figure S7: 



Immunolocalization of Nbp35 in Blastocystis. Image demonstrating the cytosolic 

localization of Nbp35 in Blastocystis cells by transmission electron microscopy. Inset is 

enlargement of specific regions of the cell, focusing in the localization of Nbp35 within 

the different compartments of the cell but also the distribution of the protein within the 

cytosol. 

 

Figure S8: 

Immunolocalization of Nar1 in Blastocystis. Image demonstrating the cytosolic 

localization of Nar1 in Blastocystis cells by transmission electron microscopy. Inset is 

enlargement of specific regions of the cell, focusing in the localization of Nar1 within the 

different compartments of the cell but also the distribution of the protein within the 

cytosol. 

 

Figure S9: 

Immunolocalization of Tah18 in Blastocystis. Image demonstrating the cytosolic 

localization of Tah18 in Blastocystis cells by transmission electron microscopy. Insets are 

enlargement of specific regions of the cell, focusing in the localization of Tah18 within 

the different compartments of the cell but also the distribution of the protein within the 

cytosol. 

 

Figure S10: 

Identification of functionally important structures in eukaryotic Dre2 sequences.  

Sequence alignment of Dre2 protein sequences from microbial eukaryotes demonstrating 



the highly conserved C-terminus that contains two Fe/S cluster-binding motifs (CX2CXC 

and a CX2CX7CX2C in red), and the more divergent N-terminus with a methyltransferase 

domain.  

 

Figure S11: 

Phylogeny of the cytosolic Fe/S cluster assembly protein Dre2.  The phylogenetic tree 

was inferred by Randomized Axelerated Maximum Likelihood (RAxML).  A total of 78 

taxa and 96 characters were used for the final phylogenetic analysis.  Numerical values at 

the nodes represent branch support in the form of bootstrap (BP).  Only bootstrap support 

values greater than 50 are shown. 

 

Figure S12: 

Phylogeny of the cytosolic Fe/S cluster assembly proteins Nar1 and iron 

hydrogenase.  The iron hydrogenase protein sequences were used to root the tree.  The 

phylogenetic tree was inferred by Randomized Axelerated Maximum Likelihood 

(RAxML).  A total of 81 taxa and 233 characters were used for the final phylogenetic 

analysis.  Numerical values at the nodes represent branch support in the form of bootstrap 

(BP).  Only bootstrap support values greater than 50 are shown.  Red line indicates the 

Blastocystis spp. homologues. 

 

Figure S13: 

Phylogeny of the cytosolic Fe/S cluster assembly protein Cia1.  The phylogenetic tree 

was inferred by RAxML.  A total of 59 taxa and 225 characters were used for the final 



phylogenetic analysis.  Numerical values at the nodes represent branch support in the 

form of bootstrap (BP).  Only bootstrap support values greater than 50 are shown.  Red 

line indicates the Blastocystis spp. homologues. 

 

Figure S14: 

Phylogeny of the cytosolic Fe/S cluster assembly protein MMS19.  The phylogenetic 

tree was inferred by Randomized Axelerated Maximum Likelihood (RAxML).  A total of 

85 taxa and 53 characters were used for the final phylogenetic analysis.  Numerical 

values at the nodes represent branch support in the form of bootstrap (BP).  Only 

bootstrap support values greater than 50 are shown.  Red line indicates the Blastocystis 

spp. homologues. 

 

Figure S15: 

Phylogeny of the cytosolic Fe/S cluster assembly protein Cia2.  The phylogenetic tree 

was inferred by Randomized Axelerated Maximum Likelihood (RAxML).  A total of 60 

taxa and 98 characters were used for the final phylogenetic analysis.  Numerical values at 

the nodes represent branch support in the form of bootstrap (BP).  Only bootstrap support 

values greater than 50 are shown.  The groups of the putative Cia2A and Cia2B are 

indicated.  The Homo sapiens sequences are depicted in red and are the only Cia2A and 

Cia2B proteins that have been characterized to date. 

 

Table S1 



Distribution of homologues of the CIA machinery among publicly available genomes or 

expressed sequence tag data from eukaryote taxa. Table includes the accession numbers 

for all proteins reported in this manuscript.  
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            β1                             β2                       β3                     β4 
Homo             ------------------------------------------MKDSLVLLGRV--PAHPDSRCWFLAWNPAGT-LLASC--GGDRRIRIWGT--------------------------EG 
Saccharomyces    -------------------------------------------MASINLIKSL--KLY-KEKIWSFDFSQG---ILATG--STDRKIKLVSVKYDD------------------------ 
Blastocystis S1  -------------------------------------------MPSVRLLSSF--KAH-EGVAWYVSWSPDGN-ELLTC--SSDRSVKLWGR--------------------------MG 
Blastocystis S7  -------------------------------------------MSRITLLSSF--QAH-DSRAWYSSWSPDGN-EILTC--GADKSVKIWGR--------------------------MG 
Phytophthora     --------------------------------------------------MGV--RRH-------------------------------------------------------------- 
Phaeodactylum    ------------------------------------------------------------EPAWQVAFSRDGR-YLAVCYGAIEPCVRIWKQQSPFH---------------------ED 
Arabidopsis      -------------------------------------MKVMDKNLGLEEVQKL--EGH-TDRVWNVAWNPAADGVIASC--SADKTVRIWEQSSL------------------------- 
Micromonas       MLSFLGRGKPSDPPPEPSPAPDPPPASSAPPPPSAPPDFSDAKAVTIELVAEL--EGH-DDRVWGMQWEPRGR-CLAST--SSDKTCRLWSQSAA-----------------------AG 
Cyanidioschyzon  ------------------------------------------MQWREWLRVDV--QRE-HETLWCATWSPNGQ-LIATC--GTDKAVRIWDART-------------------------- 
Dictyostelium    -----------------------------------MTDTTKNDKYNLKLIDSMQKEAP-YDKVWNLAWHPNGE-ILATC--ANDKYIQIWSKD-------------------------TN 
Plasmodium       --------------------------------------------MTVEFVVNL--ENH-KRRIWSICWSPDGN-FLASV--GADKYITIWVKTNKDKIKKTNKSSKIWKKFKMFEEGTHK 
Cryptosporidium  -------------------------------------------MGSLDKLGII--GVL-DSAIWSVASHPKDR-IIASC--GS--SIVVWMDTKLKNHKWYQEIEIVNK-----CSM-AG 
Tetrahymena      ----------------------------------MIEEKMEEQKEFVKCIGQL--NGH-TDKIWSVSWHPTLD-IFATC--SSDKTIKIWGLKEN-----------------------SE 
Naegleria        ------------------------------MTTNDDLAALTTQEIISAVEGNV--SDH-EESVWSIAWHPKYSNLLATC--SSDKTVRLYYVRVL-----------------------SP 
Drosophila       -------------------------------------------MGRLILEHTL--QGH-KGRIWGVAWHPKGN-VFASC--GEDKAIRIWSL--------------------------TG 
Giardia          -----------------------------------------MVNDRVSLLNHT--AAH-TDRIWRLRASHTGE-LVASC--SSDGSVAIWRVSKDLS----------------------- 
Trypanosoma      -----MLSSYFSWMEDVDARVLRAGGTSDNHMRPLYLPYEAPPLLRVEPVCTL--RDH-TDRIWCVAWCPTAN-VVASC--SGDGTVRLWGYMLNVGREEIPNGRD------------QN 
Entamoeba        ----------------------------------------------MQLVDSF--EVP-------------------------------------------------------------- 
Encephalitozoon  -------------------------------------------------------------MKYRITSKKLGEKILAV---HAGKSIYTGGTSRM------------------------- 
 
 
     β5                              β6                          β7                β8                                                                                β9 
Homo             DS---WICKSVLS-E-GHQRT-VRKVAWS-P--CGNYLASASFDATTCIWKKNQD----------------------------DFECVTTL-EGHENE---------------------- 
Saccharomyces    -----FTLIDVLD-ETAHKKA-IRSVAWR-P--HTSLLAAGSFDSTVSIWAKEESADR-----------------------TFEMDLLAII-EGHENE---------------------- 
Blastocystis S1  DS---WAVIETMD-G-IHKKT-IRSCEMS-P--DGNYIAAASFDSNISVYHKTDG----------------------------EWTFFTML-EGHVNE---------------------- 
Blastocystis S7  DS---WVLKETLD-G-LHSKS-IRSCEMS-P--DGKYIAAASFDSNISVYRKENE----------------------------EWKLFTML-EGHVNE---------------------- 
Phytophthora     ----------------SRGRTDPHHPSLS-P--DGRYLASVSFDGTTVIWEKQGS----------------------------SYEVISSL-EGHESE---------------------- 
Phaeodactylum    SG---WILDATLT-G-IQTRT-IRSIAFA-PIRTPLILASASFDGTVAVWEHYPATNGALVTASAKSPSG-----------VDEWECTAQL-EGHESE---------------------- 
Arabidopsis      ----------------------TR--SWT----CKLGHRLGSFDGNTCVWENFAT----------------------------DSESVSVL-RGHESE---------------------- 
Micromonas       GN---WVTVAELE-G-VHNRT-VRQVSWS-P--CGRLLATASFDASTAVWTQSGG----------------------------DWECVAVV-EGHENE---------------------- 
Cyanidioschyzon  -----GLLLGGLG-GDTFARS-VRRIDWS-P--CGLQLALACFDSKVRVYRLVEGVSGGNGLSLEREPANA------VLAAYLRLELVATL-EGHESE---------------------- 
Dictyostelium    GK---WGLVQSLE---GHEKT-VRRVAWS-P--CGRFLAGASFDASTSIWEKSKD--------------------------ELEFTHVSSL-EGHTYE---------------------- 
Plasmodium       AGSIEFDVYDIIE-T-NHEKS-LRHIEFS-R--DGSFFVVASFDSKCSIYKKNNN---------------------------DKWVFYKSL-EGHEKE---------------------- 
Cryptosporidium  NS---WVKAYEFG-SLEHKRL-IRKIAWS-P--CGGMIISASFDSSISVWEFVSR--------------------------DIGWACICKI-LGPESE---------------------- 
Tetrahymena      NQ---YELKQTIS-D-THERT-IRTLAFS-P--DGMMLACGSFDSTISIYALNNG----------------------------SFEFVSKL-EGHEHEVIKFTIRIFFKNPTNTFSIYLI 
Naegleria        SGRLFAKCIDVLE-N-QHNRT-IRRVDWSLP--SGNALACASFDGTSSIWILLQNKLQNHLQALEEESQNSKESSPTTSANLGLLKCVSTL-EGHENE---------------------- 
Drosophila       NT---WSTKTILS-D-GHKRT-IREIRWS-P--CGQYLASASFDATTAIWSKSSG----------------------------EFECNATL-EGHENE---------------------- 
Giardia          -----LHLVQRLRPGYGDPVT-VRDCAFS-A--NDQHLVVAAYDGSIYVYDLINELTQ-----------------------NDPFQLTAVIANAHEKE---------------------- 
Trypanosoma      GT---WSCIYTLE-G-EHSRT-VRHVSWS-P--SGTFIACASFDRTASVWRRASD-----------------------DPNCFEFELEAIL-DGHENE---------------------- 
Entamoeba        --------LKPLL-T-PHNRT-IRRVKCS-K--NG-LLACCSFDSTVSLWELNEN------------------------------TIIGTL-EGHESE---------------------- 
Encephalitozoon  -----LVNQDTGEVMCRCKKS-VRSIA---S--HGRYVCCGSYDCTAVLFH--------------------------------DGKVVDVI-EGPDTE---------------------- 
 
 
        β10                                                     β11              β12 
Homo             ---VKSVAWAPSG-----------------NLLATCSRDKSVWVWEV------DEE---------------------------------------------------------------- 
Saccharomyces    ---VKGVAWSNDG-----------------YYLATCSRDKSVWIWET-----DESG---------------------------------------------------------------- 
Blastocystis S1  ---VKNVCWSHDS-----------------QLLASTSR---------------------------------------------------------------------------------- 
Blastocystis S7  ---VKNVCWSRDG-----------------KLLASCSRDRNIIVWDT------NEE---------------------------------------------------------------- 
Phytophthora     ---VKSVAWSPSG-----------------SYLATCSRDKSVWIWEA------DAD---------------------------------------------------------------- 
Phaeodactylum    ---VKCVQWNATG-----------------SLLASCGRDKTVWIWECFLPGHNSGG---------------------------------------------------------------- 
Arabidopsis      ---VKSVSWNASG-----------------SLLATCGRDKSVWIWEI----QPEED---------------------------------------------------------------- 
Micromonas       ---VKSCAWSPSG-----------------TLLATCGRDKSVWIWEL------QPG---------------------------------------------------------------- 
Cyanidioschyzon  ---VKAAVFNASG-----------------TLLATCARDKTVWIWECGPGA--FSD---------------------------------------------------------------- 
Dictyostelium    ---VKSVAWDSTG-----------------TLLATCSRDKSIWIWQM------EDD---------------------------------------------------------------- 
Plasmodium       ---VKCASIHPTN-----------------KYIVTCGRDKSIWIHAKTEEVSRKEDDQGVIASNGGEAHPNGIHNEEQTKEDSQNGAKTEAQCGNPGETHPNAEPQNVNNDIDADADVDV 
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Cryptosporidium  ---VKCVDWSPFN-----------------NFVAACCRDRAIWFFSLDIGENRKLG---------------------------------------------------------------T 
Tetrahymena      YKKVKCVAWDSEG-----------------KFLASCSRDKTVWVWDY------ENG---------------------------------------------------------------- 
Naegleria        ---VKSVAWNYKSASLMDQSDDHDGEDGDCGLLATCGRDKTVWVWEA------IDK--------------------------------------------------------------VG 
Drosophila       ---VKSVSWSRSG-----------------GLLATCSRDKSVWIWEV------AGD---------------------------------------------------------------- 
Giardia          ---IKSIDISKEG------------------TVATCSRDRFVSFWRP-----CSDS---------------------------------------------------------------- 
Trypanosoma      ---VKCAAWGTDN------------------TLATCSRDRTVWVWDR------VDV---------------------------------------------------------------- 
Entamoeba        ---VKCVDWSFGS-----------------NMVATCSRDKSVWLWKS------YSG---------------------------------------------------------------- 
Encephalitozoon  ---VKCVAFSEDG-----------------RYLAMATRGRSVWVVKI--------D---------------------------------------------------------------- 
 
 
        β13                      β14                                            β15             β16                                          β17                                                                 β18 
Homo             -DE-------YECVSVLNSHTQDVKHVV-------WHP-----SQELLASASYDDTVKLYRE-----------EEDDWVCCATLE---------------------GHESTVWSLAFDPS 
Saccharomyces    -EE-------YECISVLQEHSQDVKHVI-------WHP-----SEALLASSSYDDTVRIWKD-----------YDDDWECVAVLN---------------------GHEGTVWSSDFDKT 
Blastocystis S1  ------------------------------------------------------------------------------------------------------------------------ 
Blastocystis S7  -DDEMDSCSRDRCVSVLSGHTQDVKFVR-------FNP-----ANNNLYSCSYDDTIKVWLY---------D--GEDFSNIKHA----------------------PHEGTVWGLAFNHR 
Phytophthora     -TD-------FECISVLHAHMQDVKFVA-------WHP-----KEDLLVSASYDDTIRIWAE-----------NDDDWYCKETLT---------------------GHTATVWGVALSPQ 
Phaeodactylum    -GD-------FECIAVLHGHEGDVKCVQFTSSHDEWGD-----GDEILLSSSYDNTIKCWAE-----------DAGDWYCAASIED--------------------VHSSTIWSLAMSPS 
Arabidopsis      -DE-------FDTIAVLTGHSEDVKMVL-------WHP-----TMDVLFSCSYDNTIKIWCS---------EDEDGDYNCVQTLSEL-----------------NNGHSSTVWSISFNAA 
Micromonas       -ND-------FECVAVLNGHSQDVKCVT-------WHP-----TEDVLVSTSYDDTIKIWTE---------DPDGDDWSCSKTLSKE-----------------DGGHESTVWCASFEPG 
Cyanidioschyzon  -LD-------FECVAVLAGHTQDVKSLV-------WHP-----RTELIASASYDNTIRLWCE---------DVYDGEWYCCAVLS---------------------GHESTVWSVAFAPT 
Dictyostelium    -ND-------FECLSINSGHGQDIKCVL-------WHP-----NEELLASSSYDDTIKFWKD-----------IDGDWECINTLT---------------------GHESSIWDLAFNKD 
Plasmodium       DFD-------FSFDAYLTAHSEDIKFVA-------WCPL----SENTFISLSYDNSLKIWSK-----------QISEWNCIQTLN---------------------EHTSVVWCVAFNFD 
Cryptosporidium  PIE-------YDCIGVVTAHTNDIKKIK-------WHPT----IPMVLLSCSYDNTIIAWAPSSQLLGH-DEVKSLEWVKLYTLN---------------------GHSSTVWDFTYSPN 
Tetrahymena      -FD-------FSCYSVIDAHTQDVKHVK-------WIP-----GTNNLASTSFDDKLKLWEQ-----------EDDDWKCSATYS---------------------NHSATVWCVEFSKT 
Naegleria        FSD-------FDCNSVCSGHTQDVKFVA-------WHPLTRSNMPSLLYSASYDNTIRIWKE--GGFEEDHDRQSDEWKCVGILR---------------------GHTSTVWGLAFEPQ 
Drosophila       -DE-------FECAAVLNPHTQDVKRVV-------WHP-----TKDVLASASYDNTIKMFAE---------EPIDNDWDCTATLT---------------------SHTSTVWGIDFDAD 
Giardia          -PD-------YDCIGLFNNHTEDIKCVR-------FNK-----NGNYLVSASYDNNMCLYKRCIEMADELGEEEIESWVLVGATKSELDLNSCELNAPDSEILASKSSCHTVWTAIFTAN 
Trypanosoma      -GE-------FECAGVLAGHAQDVKACA-------WLFPSGGVEKPLLFSCSYDNTVKVWTE---------SHKRDDWYCHQTLT---------------------RHDGTVWSVAVQPI 
Entamoeba        -ID-------YECCSVLTGHSGDVKTVL-------FHP-----SGTILFSGSFDGTIKVWKG----------EEETEWSELQTIQ---------------------AYGKTVWDLKITKE 
Encephalitozoon  -GE-------IEIDGVIEDHLHDVKGCI-------FHG-------GLLFTYGYDNTVKVYDR---------FDYDDSWELVQSID----------------------ERSTVWCVIFHNG 
 
 
          β19                 β20 
Homo             -G--------------------QRLA---SCSDDRTVRIWRQY----------------------------------------------------------------------------- 
Saccharomyces    EG-------------------VFRLC---SGSDDSTVRVWK------------------------------------------------------------------------------- 
Blastocystis S1  ------------------------------------------------------------------------------------------------------------------------ 
Blastocystis S7  -G-------------------QVRLVVRLSCGMDGHVVLWK------------------------------------------------------------------------------- 
Phytophthora     -G--------------------TEMA---SVSDDTDVIIWQ------------------------------------------------------------------------------- 
Phaeodactylum    -G--------------------LRMI---SGSDDQSLGIYKCY----------------------------------------------------------------------------- 
Arabidopsis      -G--------------------DKMV---TCSDDLAVKIWKTD----------------------------------------------------------------------------- 
Micromonas       -G-------------------AHRVV---TCSDDRTIAVWN------------------------------------------------------------------------------- 
Cyanidioschyzon  -A--DA-------------GYEHLLA---SAGADGRLLLWQRC----------------------------------------------------------------------------- 
Dictyostelium    -G--------------------DKLV---SCGEDKLVLFWKFD----------------------------------------------------------------------------- 
Plasmodium       -G--------------------SEFA---TCSDDKSIRIWKSEKKIWYNKHKYPFLYQHIVKDARKSSNESSLCSLINKSNGTLGGSAATAVKQALANDSRGYSNHNSKDSANGKGSNDR 
Cryptosporidium  -G--------------------EFLL---SCSDDSSIVLWNSN----------------------------------------------------------------------------- 
Tetrahymena      -G--------------------QYMA---SCGDDKQIKVYKKN----------------------------------------------------------------------------- 
Naegleria        LSSDDP-------------EYPQYMV---SVGDDKSLILWRED----------------------------------------------------------------------------- 
Drosophila       -G--------------------ERLV---SCSDDTTIKIWKAY----------------------------------------------------------------------------- 
Giardia          -G--------------------NSIL---TVDGNGCVRCYSIV----------------------------------------------------------------------------- 
Trypanosoma      EQPIDSLQMEEEEREGTALEYSPVVC---CSSDDKTVTFWSRD----------------------------------------------------------------------------- 
Entamoeba        -G--------------------KFIV---AGCANGVIILYE------------------------------------------------------------------------------- 
Encephalitozoon  -----------------------RMV---CTTEEGTVSIYALRS---------------------------------------------------------------------------- 
 
 
Homo             ------------------------------------------------------------------------------------------------------------------------ 
Saccharomyces    ------------------------------------------------------------------------------------------------------------------------ 



Blastocystis S1  ------------------------------------------------------------------------------------------------------------------------ 
Blastocystis S7  ------------------------------------------------------------------------------------------------------------------------ 
Phytophthora     ------------------------------------------------------------------------------------------------------------------------ 
Phaeodactylum    ------------------------------------------------------------------------------------------------------------------------ 
Arabidopsis      ------------------------------------------------------------------------------------------------------------------------ 
Micromonas       ------------------------------------------------------------------------------------------------------------------------ 
Cyanidioschyzon  ------------------------------------------------------------------------------------------------------------------------ 
Dictyostelium    ------------------------------------------------------------------------------------------------------------------------ 
Plasmodium       NFLQKTTKLFRKIREPMTQGGGDKTSDAPSNMPILDYSKDDKEVQAALKAVVQNNFVPLYFDHGLFKFVYKYADVEGAFAQGKGSTEKREEQGGHTEKESPNGAHPIEKNEPRNDECISK 
Cryptosporidium  ------------------------------------------------------------------------------------------------------------------------ 
Tetrahymena      ------------------------------------------------------------------------------------------------------------------------ 
Naegleria        ------------------------------------------------------------------------------------------------------------------------ 
Drosophila       ------------------------------------------------------------------------------------------------------------------------ 
Giardia          ------------------------------------------------------------------------------------------------------------------------ 
Trypanosoma      ------------------------------------------------------------------------------------------------------------------------ 
Entamoeba        ------------------------------------------------------------------------------------------------------------------------ 
Encephalitozoon  ------------------------------------------------------------------------------------------------------------------------ 
 
 
               β21 
Homo             ----------------------------LPGNEQGVACSGSDP-------------------------------------------SWKCICT--------------------------- 
Saccharomyces    ----------------------------YMGDDEDDQQ------------------------------------------------EWVCEAI--------------------------- 
Blastocystis S1  ------------------------------------------------------------------------------------------------------------------------ 
Blastocystis S7  ------------------------------------------------------------------------------------------------------------------------ 
Phytophthora     ----------------------------YDSNSKEVNEDGGSK-------------------------------------------QWKLKFT--------------------------- 
Phaeodactylum    ----------------------------TASEKKRHFPDEGKNRNG----------------------------------------LWKCVGH--------------------------- 
Arabidopsis      --------------------------------ISRMQSGEGYV-------------------------------------------PWTHVCT--------------------------- 
Micromonas       ----------------------------AAGARARVSSSSLARFEDVASFSRFASSRGRSLRIASFVAGQTVESSALHMRSGPRGADLSIACK--------------------------- 
Cyanidioschyzon  ----------------------------EDGTRPETIRHDALVEDTVSVRTPTQPHSEKGVGAGTPQPTDEGVMAEAPSSARRESGSWSLDLSSTRDALASAPIEKDPEEHARFAEATQV 
Dictyostelium    ----------------------------KENE------------------------------------------------------KWINIFK--------------------------- 
Plasmodium       VSKDGGDQPNTHSAEVEHKNDANDVSQLSNGEKTNKQSGCTTTQDEQQTSNPVSENNVSSMSAIPNLSDKEKDLKNVLFD------DWKIKHV--------------------------- 
Cryptosporidium  -----------------------------QGNENKFKNLNSVNFALTDTFKMIFYNTPNTKRLSKYIQIDQANSFINNY----------------------------------------- 
Tetrahymena      ----------------------------ENGAFSS---------------------------------------------------PYIVETT--------------------------- 
Naegleria        ----------------------------VVGNYIDM--------------------------------------------------NVTQVQT--------------------------- 
Drosophila       ----------------------------HPGNTAGVATPEQQT-------------------------------------------VWKCVCT--------------------------- 
Giardia          ----------------------------DDG-------------------------------------------------------VKQIGCT--------------------------- 
Trypanosoma      ----------------------------GNG-------------------------------------------------------NFRSVCT--------------------------- 
Entamoeba        ----------------------------FKDN------------------------------------------------------LLVELDT--------------------------- 
Encephalitozoon  --------------------------------------------------------------------------------------GWTLEMS--------------------------- 
 
 
           β22                                   β23             β24                                                  β25                         β26 
Homo             -------------------------------------LSGFHSRTIYDIAWC--------QLTGALATACGDDAIRVFQE----DPNSDPQ------QPTFSLTAHLHQAHSQ-DVNCVA 
Saccharomyces    -------------------------------------LPDVHKRQVYNVAWG---------FNGLIASVGADGVLAVYEE----VDG------------EWKVFAKRALCHGVYEINVVK 
Blastocystis S1  ------------------------------------------------------------------------------------------------------------------------ 
Blastocystis S7  ------------------------------------------------------------------------------------------------------------------------ 
Phytophthora     -------------------------------------LSNCHERTIFSVDWS--------KHGAFLVTGAADNAIRVFQG----QPNDTPS--------SFDLAICQKEAHAS-DINCVR 
Phaeodactylum    -------------------------------------LPDAHLASIFSVAYA-----PSRAGHGRIATAGADNRIQIFRE----VSGSVSD--------QPLFTVETSATNELGDVNCVS 
Arabidopsis      -------------------------------------LSGFHDRTIYSVHWS---------RDGVIASGAGDDTIQLFVD----SDSDSVD------GPSYKLLVKKEKAHEM-DVNSVQ 
Micromonas       -------------------------------------FPCGHDRPVLNVHWG---------RNGLIAAAGGDNSVRVYAA----MKSDGSHGSGRAWAEVGAIGEHHEDGHLD-DVNTVA 
Cyanidioschyzon  DSSTPRNLDPPLVSSVMSGKQRWLVIKQVRVNAGDAGFADEEDESVYCVDWS--------HDGRLLATACADGHIRVYEA------------------TELRILLDIPAAHSGAEVNYVQ 
Dictyostelium    -------------------------------------FKNENSRPIYSIDWS--------SLTNTIVTGSADDSIIFYEQ----ESDDTPD--------KYKIILKKKNAHDS-DVNCTK 
Plasmodium       -------------------------------------IEGYHKRSISYLDWN--------AYEDLIAASSFDNSLKIFQK----------------NLDTWNLIENIENAHLS-DVNCVV 
Cryptosporidium  -------------------------------------DKELYSYPIYSIEWC--------NYINCIIVSSADKSLHLFSV----TDSK-----------RLKHICEKPNAHNS-EINSVS 
Tetrahymena      -------------------------------------IKNAHARTIYSLSFS--------EDATFLASVGADNTLNVYQKNMYVTTFEGQD------NNLYELLEKKVNCHFA-DINCVA 
Naegleria        -------------------------------------ISDVHTRTIYYVDWCVYKHPSTGQSISLVATAGGDNTIAIYQF------DTTTR--------QLKLLTKIANAHDS-DINCCI 



Drosophila       -------------------------------------VSGQHSRAIYDVSWC--------KLTGLIATACGDDGIRIFKE----TSDSKPD------EPTFEQITAEEGAHDQ-DVNSVQ 
Giardia          --------------------------------------ILHGQRPIYDISLVEPRNAPK-AFNTYVATTGQDGTICLSAI----TITTGVA----------VPIVCITGAHDG-EVNAVC 
Trypanosoma      -------------------------------------ASGFAERTIYSVGWA---PCGSDVSPAIVACGSGDNKVTLLGV----YQSRGYE------EVHVSVVAEVPSAHEA-DVNTVA 
Entamoeba        -------------------------------------INNEKYRDIYSIDIN----------DNNVLVGSGDNAIRLFKI------NTIKK--------KLELIEEKQDAHTN-DVNCVK 
Encephalitozoon  --------------------------------------RKLSVLPIYSI-----------------CSVGENMAYVLNRSSIGIVDS------------NLNLVMSIENVHED-SINSIV 
 
 
          β27              β28 
Homo             WNP------------------------KEPGLLASCSDDGEVAFWKYQRPEG---L 
Saccharomyces    WLEL-----------------------NGKTILATGGDDGIVNFWSLEKAA----- 
Blastocystis S1  -------------------------------------------------------- 
Blastocystis S7  ------------------------------ELLTEVGEDDFIDALEQ--------- 
Phytophthora     WSPQLLEDKG-----------------KKTFLLASAGDDALVRIWSMTI------- 
Phaeodactylum    WHP------------------------SDGSILATAGDDGSVCIWKFNL------- 
Arabidopsis      WAPD-----------------------KESRLLASASDDKMVKIWKLASEP----- 
Micromonas       WHP------------------------TDPTCLASCSDDGLIKIWKVTPAEE---- 
Cyanidioschyzon  FQKRRDACGDWSIHLGKRFQDMSTETLQRSYLLASTGDDGRLRVWVLFT------- 
Dictyostelium    WNP------------------------KFKNILASCGDDGFIKIWELQDK------ 
Plasmodium       WCPQKY---------------------QDYFLLATAGDDCVINIWKYTKG------ 
Cryptosporidium  WLND-----------------------DKKGEFISAGDDGEIALWRFDFE------ 
Tetrahymena      FHP-------------------------SKDILVTVSDDRQIKLWSVEINL----- 
Naegleria        WNK------------------------NEFGLLSSCSDDGAVKFWKLKM------- 
Drosophila       WNP------------------------VVAGQLISCSDDGTIKIWKVSE------- 
Giardia          DVTQFAGA-------------------DGHIIVCSGGDDGYINMWNISIEERDLFS 
Trypanosoma      FSRSTNELWGDNSRG------------GEGLLLASGGDDNIVRIWRVTAAL----- 
Entamoeba        WIN--------------------------KTLSISVGDDNMLKIWKIVN------- 
Encephalitozoon  YD-------------------------EGRNRIVSGGDDGILNTIELL-------- 
 
 
 



 
           Ferredoxin-like domain 
Homo             -------MASPFSGALQLTDLDDFIGPS-QECIKPVK----VEKRAGSGVA--------------KIRIED----------------DGSYFQINQDGGTRR--------------LEKA 
Saccharomyces    -----------MSALLSESDLNDFISPA-LACVKPTQ----VSGGKKDNVNMNGE------Y---EVSTEP-----------------------------DQ--------------LEKV 
Blastocystis S1  --------MSYFSGTVLLGELDDFIAPA-QACSTGVF----GDATSTSGGKM-------------QLVMED-------------DLGDDYGSATSSVIQTNV--------------AKVA 
Blastocystis S7  --------MSYFSGKVLLGDLDDFIAPA-QACSTGLF----SDSGSSTHRGA-------------QLVMED-------------DLGESFSKA--SVIRSSA--------------AKIA 
Phaeodactylum    ------------MSGVFLSNVDDYLAPS-QACVNPLF----STDKKKDDEKKSG--------VVGTLSNGNHANDDPNSFDTAAASENPAIVPRKRVRRRLPAAITASSDWTPRVPKDPV 
Phytophthora     ------------MASVFLGDLNDYIQPS-QACVNPLF----TSDKSESNGSSNGL------A---KITLET---------ELSAADFAVPQPVKPNIIRTTT--------------QEKA 
Arabidopsis      -------MSEKFSPTLRLGDLNDFIAPS-QACVISLKDSKPIVKKSDRP----------------QVVIAP----------------------------KQQ--------------LEPV 
Micromonas       -----------FSGAVKLGDLNDFINPS-QNCVVALTAGEVILQRRGAPPS--------------DLPPGA-----------------------PTIYGDPS--------------APTV 
Dictyostelium    -------MAEKFSSVLKLTELDDFITPS-QECIKPVI----IDKKNTST----------------QFTIES----------------DGSYVETTSDGEKVQ--------------MEKA 
Tetrahymena      ----------MFSGTIKIASLDDYISPS-QECILPIF----DKNSKLKTTE--------------DPTVKA----------------YGMIPQKPDLIKKTA--------------KQTA 
Naegleria        MSSYIPQQEPTMSTALMLADLDDFLPMNRQDCIKPFL----MTNSKSDSTTSSKNITSENGTAAVSVSLDN---------DDSVGGVSINRNPTRRIGRSNNRGTINLNNSQQAEPKKIA 
Encephalitozoon  --------MDALIRPPMSFFADLP-KDN-KKCIKI---------------------------------------------------------------------------------GSPL 
Drosophila       --------MSRLSTALQLTDIDDFITPS-QICIKPVQ----IDKARSKTGA--------------KIKIKG------------------DSCFEESESGNLK--------------LNKV 
Giardia          -------------MSLKVKVASDLNTLP-EECVVPLK----PADGPSTGTV--------------KLRLKA------------------------CDPVPIG--------------STPV 
Entamoeba        ---------MSLSVGLQIAGVDDYIQQN-LVCVMPLK----ETPPQEHKGAA-------------KISLGG----------------------PEEGNELPK--------------LTKV 
Cryptosporidium  ----------MFSTAVKLANLDDYLESS-QDCIVSLL----SDKDDTKP----------------KIAVMR----------------PAKAQDNKDDKKSGT--------------SDKA 
Cyanidioschyzon  MPRDT--QQSRFSTGLRVTDLDDFLPSS-TACVLPLQ----GGLPPPGSVA--------------APVYSH---------------------NAHDANGETN--------------TPVA 
Trichomonas      ------------------MSADPAASTS-FDCLHPVS----IEERG-------------------RVKADD---------------------------------------------EATF 
Trypanosoma      ----M--SANNFSASLMLAGM-DYIAPS-EACILPTK----LQGGTSDD----------------SVKRHG-----------------------------AG--------------NEAV 
 
Homo             KVSLNDCLACSGC-ITSAETVLITQQSHEELKKVLDANKM----------------------------AAPSQQ----RLVVVSVSPQSRASLAARF--------QLNPT-DTARKLTSF 
Saccharomyces    SITLSDCLACSGC-ITSSEEILLSSQSHSVFLKNWGKLSQ----------------------------QQD-------KFLVVSVSPQCRLSLAQYY--------GLTLE-AADLCLMNF 
Blastocystis S1  SVSLADCLACTGC-VTSAETVLIQQQSLQTFLDELKAKAH--------------------------------------KLYVAIVSRPSCVSLANKL--------GIPID-EAFERIRSV 
Blastocystis S7  TVTLEDCLACSGC-VTSAETILIQQQSTSTFVEELKERKH--------------------------------------KLYIVIVSRPSCVSIADAL--------SISPD-EAYQHITSV 
Phaeodactylum    QASIADCLACSGC-VTTAETVLLETQHSVVALKELIAKKE----------------------------NDR-------PKIVATISPAAWADLHRHLSREFNCSPSLSLS-AQQRWTILL 
Phytophthora     TISLDDCLACSGC-VTSAETVLISQQSFKEMLDVLATKEH--------------------------------------KRVVVTLSPQSRASLAAHF--------EMPVV-AVHRKLVTL 
Arabidopsis      KISLKDCLACSGC-ITSAETVMLEKQSLDEFLSALSKG----------------------------------------KDVVVSVSPQSRASLAVHY--------DISPL-QVFKKLTTF 
Micromonas       KVSLSDCLACSGC-VTSAETVLLEAQSADEFRARVRAAAM----------------------------SGG-------RMVVV------------------------------------- 
Dictyostelium    TITLNDCLACSGC-ITSAESVLISAQSTVEFSNVLKSIAE----------------------------SKPD------SIVVVSISPQSRASLANHF--------GIDSM-QLHRKLVTF 
Tetrahymena      KVTLSDCLACSGC-VTTAETILQQQQSVEEFLLKLQSY----------------------------------------KHAVVGISQQARASMAYHF--------GLSEE-HIQRALTYF 
Naegleria        KIELADCLACSGC-VTTAESVLVNQQSVEQFLTSLKEMKLFSPFIEKIQDKVNVSDLEDDLDSILLSGSKRVVKPQPNSIFVITISQQSAASLSSYY--------QCSSVRECLSRLSYL 
Encephalitozoon  ALSLSDCLACSGC-VSADEAGALSEDLS--FVLDLS------------------------------------------PQTSFVLSPQSKINIFNLY-----REDGMEYR-EFEAVLSSF 
Drosophila       DISLQDCLACSGC-ITSAEEVLITQQSQEELLKVLQENSK----------------------------NKASEDWDNVRTIVITLATQPILSLAHRY--------QIGVE-DAARHLNGY 
Giardia          KITINDCLMCSGC-VTSAEEVFFRELNTTALQNAITSGPK----------------------------AG--------RPIVLSLSQSAILSLSSVL-LNITSVEPCTVD-TLFKQLEYA 
Entamoeba        TVRLEDCLACSGC-ITSAETVLIEQQGLPEFRKNIKELSQ----------------------------R---------KKVICTIADECIASMSVVH--------NQPFN-VVWTRVEKA 
Cryptosporidium  TVNVADCLACSGC-VTSAEAKLLEDQNVSEFMNILKQK----------------------------------------RLTVVSISNQSCSSFACHL--------NCDLI-TIQRKLSGL 
Cyanidioschyzon  RVTLSDCLSCSGC-ITSAETVLLATHSVDNFVTACSQSAD--------------------------------------AFGAVVVAPAVVASLASVW--------KLAEIESVLERIQTI 
Trichomonas      KVTLQDCLACSGCAITKDEITIISEQNTSRIFEKLDEV----------------------------------------KDYIVLVATHVVANLAAVR--------NWSAA-KAFSTIKQL 
Trypanosoma      KITLQDCLACSGC-VTTAETILITSQSREELLKDRALDPT--------------------------------------RPFFVTISDQSAASIAAFL--------KTDVQ-KAFHIVSGF 
 
Homo             FK-KIG-----------VHFVFDTA-FSRHFSLLESQREFVRRFRGQAD----------------------------------------------------------------------- 
Saccharomyces    FQKHFQ-----------CKYMVGTE-MGRIISISKTVEKIIAHKKQKENTG--------------------------------------------------------------------- 
Blastocystis S1  LY-SHG-----------VSVVVRQD-LGEVIAMLESITEFDHRRRSTSSPSSISQDPSYAIDSTRSV----------YPKEGQLFSSLDIEHLSSTNDHYTLLSNPS------------- 
Blastocystis S7  L--KIG-----------VDIVVRQD-IGECISLVESIAEYTKRKASSAAVASVLTQPSYAVNQDLSMLLHSILLIHSYPKNNQLVTSIDLDHITESTDDYDVLSSQA------------- 
Phaeodactylum    WR-ALK-----------ISSVLDGN-IPLAWSLEEAALEFCRAYKRKQT---TNDPDAMAVDVPQDELWQQQLIPSFAESRSQSQYYVNGET---------------------------- 
Phytophthora     FR-NLG-----------VTLVIDST-CSGDFALLESRAEFLHRYRNHQKTIWARPPSSVAVSSAKTEFLE-------------------------------------------------- 
Arabidopsis      LK-SLG-----------VKAVFDTS-CSRDLVLIESCNEFVSRYKQANS----------------------------------------------------------------------- 
Micromonas       -----------------VSVVLDTT-ASRDLSLLESCEEFVSRYRNAKH----------------------------------------------------------------------- 
Dictyostelium    LK-SIG-----------VNHVFDTS-FSREFALIESAEEFIARYKQTYD----------------------------------------------------------------------- 
Tetrahymena      FQDQLN------------------------------------------------------------------------------------------------------------------ 
Naegleria        FKVKFG-----------AVAVFETSTLARLVSHLELCEDFLNRYKEGKG----------------------------------------------------------------------- 
Encephalitozoon  LRSKFN-----------IHRIVDTS-YLRSKIYEETYREYMAT----------------------------------------------------------------------------- 
Drosophila       FR-SLG-----------ADYVLSTK-VADDIALLECRQEFVDRYRENEN----------------------------------------------------------------------- 
Giardia          LRTRVADLRHCAYEDAPPVYIVSEA-QHQEQSVLMNVRQISLLMQSSEP----------------------------------------------------------------------- 
Entamoeba        LK-KEG-----------VDELRDLS-QAQDISLFGIYDEFKEYQKMN------------------------------------------------------------------------- 
Cryptosporidium  FK-HIG-----------ARFVMNST-ISEYISLLETKYEFISRYKAKSD----------------------------------------------------------------------- 
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Cyanidioschyzon  FD-KFG-----------AFAVVLNS-VGRCLSVLETCAQAVERLQPDQNDG--------------------------------------------------------------------- 
Trichomonas      FLSKGA-----------QKVVLDTD--IQLVFRRLVVKEFIENQTL-------------------------------------------------------------------------- 
Trypanosoma      FRAVLN-----------ARYVSDLH-WALRISVEKTAEEYCRRVRCERE----------------------------------------------------------------------- 
            H 
Homo             ----------CRQALPLLASACPGWICYAEKTHGSFILPHISTARSPQQVMGSLVKDF-------F------------------------------------------------------ 
Saccharomyces    -----------ADRKPLLSAVCPGFLIYTEKTKPQLV-PMLLNVKSPQQITGSLIRAT-------------------------------------------------------------- 
Blastocystis S1  YFQNESSHPSITANHPFITSNCPGWVCYAEKKTHALV-PFLSTTKSAQQIMGSLLRKM-------L------------------------------------------------------ 
Blastocystis S7  YHALPETSPHIGANAPLITSNCPGWVCYAEKKVHTLV-PFLSSVRSAPQVTAALLRRL-------L------------------------------------------------------ 
Phaeodactylum    KTVYHDGGAQQAGSLPLLSGSCPAVVCLVEKSTHKAV-PHLATTKSPLALAGEFWKRQHF------------------------------------------------------------ 
Phytophthora     PSTTANPLQDPLRAMPMLASSCPGWICYAEKSQPNAI-PFIDTTKSPQQIAGSIIKRF-------V------------------------------------------------------ 
Arabidopsis      -----DDGENSQSPLPVLSSACPGWICYAEKQLGSYVLPYVSSVKSPQQAIGAAIKHH-------L------------------------------------------------------ 
Micromonas       AAVTNTPPPSPADVLPVLTSACPGWVCYAEKTHGGAVLNHVSAVKSPQQVMGCIVKRK-------I------------------------------------------------------ 
Dictyostelium    ------------KPLPMLASACPGWICYAEKTHGDYVLPYISTTKSPQQIMGTLVKYY-------L------------------------------------------------------ 
Tetrahymena      ----------VQQSVPVLSSECPGWACYAEKAVGEFVIPYMSQVKSPQQVMGSLVKNS-------L------------------------------------------------------ 
Naegleria        ---------------PVFASACPGWICYAEKTQPEII-PSISTVKSPQQIMGTFVKKFITSNMKQL------------------------------------------------------ 
Encephalitozoon  --------------NHLIVSACPGVVTYIERTAPYLI-GYLSRVKSPQQMAFSLVKGS-------------------------------------------------------------- 
Drosophila       --------------LTMLSSSCPGWVCYAEKTHGNFILPYVSTTRSPQQIMGVLVKQI-------L------------------------------------------------------ 
Giardia          ------------RSNIAIITHCPAVRLFITKRNRELI-PYIVSTASPMELFGASYCNI-------------------------------------------------------------- 
Entamoeba        --------------KVLLTSTCPGWVCYSEKMQGKWMFEYMSKVASSMTIAGMIMKKQ-------------------------------------------------------------- 
Cryptosporidium  --------------LPMIISHCPGWICYSEKSLNSSVLPLLSKVRSAQQLQGILIKTLTLEIYNQLLFLYKFRLSNSYGTNMNIKTT--------------------------------- 
Cyanidioschyzon  ----------SGAQQPLFASACPGWTFYVEKTQPHLV-SCLATAKSPQAMMQLLVRHE-------------------------------------------------------------- 
Trichomonas      --------------SPFMISRCAGSVVYYERKTSYA--DHLAQIKPYPQLYAMYEKKI-------------------------------------------------------------- 
Trypanosoma      -------------RLPLIVSACPGWVCYCEKQGAAIL-PLLCPVMSPQGIAGCYSKTL-------------------------------------------------------------- 
 
            H 
Homo             -AQQQ--HLTPDKIYHVTVMPCYDKKLEASRPDFFNQE-------------------------------------HQTRDVDCVLTTGEVFRLLEEEG-VSLPD---------------- 
Saccharomyces    -FESL--AIARESFYHLSLMPCFDKKLEASRPESLD------------------------------------------DGIDCVITPREIVTMLQELNLDFKSF---------------- 
Blastocystis S1  -PTLTNEPIQSQDIYIASVVSCYDRKLEASRRDFMDP--------------------------------------AGIHEIDCVLATQEIAELLEKPAPSAPSA---------------- 
Blastocystis S7  -PAHVVPALANGDIFIACVASCYDRKLEASRRDFLDA--------------------------------------DGTRHVNCVLSSQELFDLIQNPPDFRHAS---------------- 
Phaeodactylum    -DKHT--SLPRQEYYHVAIMPCHDKKLEASRKDFE-------D--------------------------------ESGKDVDIVITTQECMRLIQELLDVSIDDIVKCFRELPLATLSDC 
Phytophthora     -SGEH--GVKPSEVYHVAVMPCFDKKLEASRKDFQDAE-------------------------------------DATKDVDCVLATTEIIELIESLNVDFASL---------------E 
Arabidopsis      -CQAL--GLRLHEVYHVTVMPCYDKKLEAARDDFVFDDGTQDN----------------------------GD--LKLTEVDSVLTTGEIMDLIKLKG-VDFKD---------------- 
Micromonas       -AAEL--GVPASAVFHATVMPCFDKKLEASREDFAMDDLG-----------------------------------ENVREVDCVLTTGEVAEMIAVAAGLGAPS---------------S 
Dictyostelium    -SKKI--NTLPSNIYHVTIMPCYDKKLEASRSDFYNDV-------------------------------------FKTKDVDCVLSTSEVLELLKEHGDVDLLK---------------- 
Tetrahymena      -ASKM--GIESKDILFVSVMPCYDKKVESARKEFER---------------------------------------NGIKDVDVVLTAQEIMDLLKKVEGQKLVD---------------- 
Naegleria        -SNEI--SLENLKVYHTTVMPCFDKKLEASRPDFTN---------------------------------------DPFDKVDMVLTSSEITELLQKELQIETPE------DFIRNTENFI 
Encephalitozoon  --------------RTVSVMPCQDKKLENGRDGVK---------------------------------------------FDFILTTRGFCKALDSLGFRRPAR---------------- 
Drosophila       -ADKI--NVPASRIYHVTVMPCYDKKLEASREDFFSKA-------------------------------------NNSRDVDCLRWNNCSVRL--------------------------- 
Giardia          ----------DAAPLLVSIQPCQDRKLEQFRG----------------------------------------------AAVDVCLTAQEVHGFLAETPQGPPAP--------------AF 
Entamoeba        ----------NSEIYHVSIQMCFDKKLEATKTY------------------------------------------NNIHVIDCVLTTSEIDSIIDWNEPINEIT---------------- 
Cryptosporidium  -FTQNDDFVEQSDIFHVAIMPCHDKKLESTRSSLSLKS---------------------------------SDKNSSCPEVDIVLATSEVGEIIKLAGFNSLLD---------------- 
Cyanidioschyzon  ---------LGEHAWTVSIAPCYDKKLESQRDAKD-------------------------------------------SEHVFVLTATEVLELAERAPPHMPND---------------- 
Trichomonas      ---------LQSTNYVLYIGPCYDRKLEAARFE---------------------------------------------EDVDAVLTIAEINDHITEPTEEIPVK---------------- 
Trypanosoma      ----------IPQMCHVSVQPCFDRKLEAARDGSSV---------------------------------------SGERYTDFVLSTQELLDWMLEVDPSLPWQ---------------- 
                         * * * 
 
Homo             -LEPAPLDSLC----------------------SGASAE--------------------------------EPTSHRGG-------GSGGYLEHVF------RHAARELFGIHV------ 
Saccharomyces    ----LTEDTSL------------------YGRLSPPGWD--------------------------------PRVHWASNLGG----TCGGYAYQYV-------TAVQRLHP--------- 
Blastocystis S1  ----------------------PVRVWWDEKRWEAMESG--------------------------------CRTAFDDVLM-----SSGGVLQSLLKFELLSRPAARLVFALFVE----- 
Blastocystis S7  ------------------------SVVWNEAWWSALEAP--------------------------------LLTDFDAALF-----SSGGVLEGVVASVVASRPSANVEWV--------- 
Phaeodactylum    TSFTKAAEPVL------------IADSNSHCITTLTTED--------------------------------AEISSNAAFTL----GSGGYASFIF------AYAAKRLFGVQLDAHELP 
Phytophthora     LATLTPEEVML----------------------SGVSED--------------------------------GSSVLGSSQNA----SSGGHLEHIF------RYAAKELFNVDV------ 
Arabidopsis      -LEESPLDRVL------------------------TNVT--------------------------------EEGDLYGVAG-----SSGGYAETIF------RHAAKALFGQTI------ 
Micromonas       ALAFNPRPRCL------------------------STPP--------------------------------DAFQLHPVVRS----GSGGYLDAVF------RHAAKVLHGVDV------ 
Dictyostelium    -LEEATLDNSI-----------------FNNVIFNQQTG--------------------------------QPEKFLGVTG-----STGGYFEYLF------RRAAKELFGKEI------ 
Tetrahymena      -VQEQIKQAQTNVNNSNDEESKNELISKEREYIENNIFPYENLDISRIVVSNIEEYLFGDSQTFDQLLLPILSNIFDSTI------GSNDYLDYII------RRAASDIHHLNPD----- 
Naegleria        KNEKYQLDSIF-----------EILSQSTHHSTQDISED---------------------------------ATLLEWLGSESDATGSGGYCEIVF------KYAAKKLFGIDLR----- 
Encephalitozoon  ---------------------------ASGKSLCSMEEA--------------------------------ETTQWNIGT------SSGGYAEFIL------------------------ 



Drosophila       ------------------------------------------------------------------------------------------------------------------------ 
Giardia          CSSYTPSPTSF----WQYALGPLLVLYLKAERWISDESL--------------------------------SHLLV----------PHAGGIDLRW------AKVGNELFSCTIEL---- 
Entamoeba        ------------------------------------------------------------------------STRMKGFIS-----SPAQYIALME------------------------ 
Cryptosporidium  -VPEAPLDNLWLNQNFQITKKHNLSLLITENYVSNQI-----------------------------------LNQFPWLIPSYFNSNSGGFCEYII------RSAIKELAGDNID----- 
Cyanidioschyzon  ---------------------------ARRQLRISQQVS--------------------------------ALTKFRGAWWATFGGLSGGYAVEVF------RYVAQYVFKHRVS----- 
Trichomonas      ----FPADTDL------------NAISQKLGQIKDS--------------------------------------------------LNSDSIYQLI------AEIEPTLNEEEIN----- 
Trypanosoma      ----APLDSDL------------------EPLPILPPEE--------------------------------PKRSFAATME-----GSGGYHRYAM------HRAARELHGLELA----- 
 
 
Homo             -------------AEVTYKP--LRNKDFQEVTL------------------EKEGQVLLHFAMAYGFRNIQNLVQRLKR---------------GRC--------------------PYH 
Saccharomyces    ------------GSQMIVLE--GRNSDIVEYRL------------------LHDDRIIAAASELSGFRNIQNLVRKLTSGSGSERKRNITALRKRRTGPKANSREMAAATAATADPYHSD 
Blastocystis S1  ------------NSMKRTRT--VRNSDFVESSV------------------CVGEEIVFRGAFIYGFRNIQNLAMKIKR---------------GKC--------------------VYD 
Blastocystis S7  ----------------RTRT--VRNSDFVEVTV------------------VDGEERVFSGAFVYGFRNIQNLVMKTKV---------------GKC--------------------AYD 
Phaeodactylum    WEPVGPDQAGRVSARVAAST--QRRRDYYHVALYRSQDGNFTT----NANLSSDSKPILHFAIAYGMQTLQRVLKPYTSEHLQ-----------SGI--------------------GYD 
Phytophthora     ------------NGPL------------------------------------------------------------------------------DRS----------------------- 
Arabidopsis      ------------EGPLEFKT--LRNSDFREVTL------------------QLEGKTVLKFALCYGFQNLQNIVRRVKT---------------RKC--------------------DYQ 
Micromonas       ------------TGPLKYATPSSRNLDLKEVTL------------------EVDGAVVLRFAAAYGFRNIQNIVRKCKAGSVA-----------TGD--------------------AYD 
Dictyostelium    ------------EGEIEYKV--GRNTDFKEASL------------------EVDGKKVLSFAKAYGFRNIQNIVRKIKTTTASSSK--------KEP--------------------QYH 
Tetrahymena      ------------QYEIITKQ--GKNSDFNEIFL------------------VKDGANILSFARVYGLRNIQNIIRNLRQ---------------NKC--------------------KYD 
Naegleria        ------------DKTLIFES--KRNSDYRETVL---------------VDPTDSSKILLRFVIANGFRNIQNLVRRMKQAD-------------NSE--------------------PFH 
Encephalitozoon  ------------GKHCVVETREIRN-GIKEHLL-------------------DDGRTI---SQITGLENSINYFKSSKT---------------KGP--------------------RHK 
Drosophila       ---------------------------------------------------------------SVRYRSTISLI---------------------------------------------- 
Giardia          ----------------------SQNQSPYSCVV---------------------------IYKSAGYHNLQNLVRRVHALCP------------NKD--------------------ALY 
Entamoeba        ------------QKKEPFKV--TRNKDFLENDG---------------------------IAIANGFRNIQNVVRFVK----------------SKT--------------------KLQ 
Cryptosporidium  ------------NKVQLPFN--KLKNDILEAKY-------------------IKNNVELNYCLVYGFRAIQSISRKLNLQKNASQHTQYKQNVVNHV--------------------NYH 
Plasmodium       ------------------------------------------------------------------------------------------------------------------------ 
Cyanidioschyzon  ------------DAVLEPAAVRERNPDLRQLLLYQHRSSGDFVVNFRPVIADDDLQLRYSVATAYGFRNIQNIVRQYKHT--------------GRC--------------------NWN 
Trichomonas      --------------SLISEL--PSRFDLEISTN------------------SFDGETLNKRLT----KTLDMMSSGKKV---------------PKP--------------------APR 
Trypanosoma      ------------PRDIHYEM--KRNANHHLTTS------------------PSNPGEV--FCVAYGFQQIQNTVRGIKRKLA------------SVA--------------------SYT 
 
        H-cluster 
Homo             YVEVMACPSGCLNGGGQLQAPDRPS------------RELLQHVERLYGMVRAEAPEDAPGVQ--------------------------------------------------------- 
Saccharomyces    YIEVNACPGACMNGGGLLNGEQNSL----------KRKQLVQTLNKRHGEELAMVDPLTLGPKLEEAAARPL------------------------SLEYVFAPVKQAVEKDLVSVG--- 
Blastocystis S1  AVEVMACPSGCLNGGGQIRPEKRENMMKIAEELGVGAVTKWKRRIG--------------------------------------------------MFERDLRSRLNDYWRVESKCMMYW 
Blastocystis S7  VVEVMACPSGCLNGGGQIKPEKREDMML-------------------------------------------------------------------------------------------- 
Phaeodactylum    YVEAMACPSGCVNGGGQIRTSARETP----TETRFRVGTTQTLLRVPQMNESSGRTQLGAGS----------------------------------SLHTRYHIVPPLQHSLGAA----- 
Phytophthora     ------------------------------------------------------------------------------------------------------------------------ 
Arabidopsis      YVEIMACPAGCLNGGGQIKPKTGQS-----------QKELIHSLEATYMNDTTLNTDPYQNPT--------AKRLFEEWLKEPGSNEAKK------YLHTQYHPVVKSVTSQL------- 
Micromonas       FVEIMACPSGCLNGGGQLPP---------------------------------------------------------------------------------------------------- 
Dictyostelium    FVEVMACPSGCINGGGQIKAASGSL---------REQKLLIEQSEQKYYQDLSIQSYEQLPST------LEIKDIYDQWMNGPFSLDAKT------KLHTQYHMIEKSKNALS------- 
Tetrahymena      YIEIMACPSGCLNGGGQLKSLDENM----------KTKDLIEKLQEILRKKSVISNDQNYNNLAFQQIIRDSTNI---------------------YFETIFKHIEKLNTQSS------- 
Naegleria        FVEVMACPIGCLNGGGQVKVKQPKITLDIDSPSSVTITPKQHLAQTEKLYRDDISNIKSLCENNSNLVKEGLNNLYYNWIKGSVGSVQAKS-----ILHTQYHAVEKLNIVTPTA----- 
Encephalitozoon  MTEIFLCKNGCIGGPGQERVNDVEMDIREYDRNGREQPRIFYSSPGL-------------------------------------------------EEKRVFREVKAKRVDLR------- 
Drosophila       ------------------------------------------------------------------------------------------------------------------------ 
Giardia          ILDLHACPYGCY-GGACIAGDDRHPVSSVASASHAAVVSADKSVLSHILAAGTCPGLLEELVQAVDGITPQET-----------------------VIRTDGEVVSPEEIAARKGIQGGI 
Entamoeba        FIEVEACPGGCICGGGQIKCSP--------KEKDERVKKMMEILEPKVVDEKNKSIYESIKD----------------------------------SIKLTFIDRKESAQENALH----- 
Cryptosporidium  LIEAMACPTGCVSGGGQILSQNDQNDDNSDLNKLRKNIKFIDEVQEALYKGINLNKNQEIILPDE----IPIVNILYEYLIHIDKQIDRSSGLKLPFLRNDFVSINEVPTASS------- 
Cyanidioschyzon  FVEVMACPGGCGNGNGLWVVQDTPTSTPVSAESVAPVANRVFAQRTRQERIQEMERSLQRLPCYHVDELPQLRELWATLREAEPQ-----------SLRFEFCGFNDRQQQEATYRQQDG 
Trichomonas      LAQIDFCKGGCLVGGGQIRGNSP-------AQRRALIAATQEVHTQNESTNISFPTELYNELIKF-------------------------------GYKTHYESLPQEEEKDQ------- 
Trypanosoma      FIELMACPEGCLNGGGQARNGTTQSHVETTAAAKSAFISYISGSQPTMEVRGGMDGTSVASNRDVGDGPPPFSLAAFAEVEKQVGSSLWSCTFT--DRQREFEATLNTGGVHS------- 
 
Homo             ------------------ 
Saccharomyces    ---------------STW 
Blastocystis S1  VLREDRRKHMRCFTLDSM 
Blastocystis S7  ------------------ 
Phaeodactylum    --------AGVPVKDTQW 
Phytophthora     ------------------ 
Arabidopsis      ---------------NNW 



Micromonas       ------------------ 
Dictyostelium    ---------------IKW 
Tetrahymena      ---------------LNW 
Naegleria        ---------------LKW 
Encephalitozoon  ---------------VDW 
Drosophila       ------------------ 
Giardia          RIQD-----------LAW 
Entamoeba        ---------------LNW 
Cryptosporidium  ---------------LKW 
Cyanidioschyzon  DIKSQVTVSERHRLVHQW 
Trichomonas      ---------------FAW 
Trypanosoma      ---------------LKW 
 
 
 



 
Homo sapiens-nbp35               ------------------------------------------------------------------------------------------------------------------------ 
Saccharomyces cerevisiae-nbp35   ------------------------------------------------------------------------------------------------------------------------ 
Dictyostelium purpureum-nbp35    ------------------------------------------------------------------------------------------------------------------------ 
Entamoeba dispar-nbp35           ------------------------------------------------------------------------------------------------------------------------ 
Naegleria gruberi-nbp35          ------------------------------------------------------------------------------------------------------------------------ 
Guillardia theta-nbp35           ------------------------------------------------------------------------------------------------------------------------ 
Encephalitozoon cuniculi-nbp35   ------------------------------------------------------------------------------------------------------------------------ 
Trypanosoma vivax                ------------------------------------------------------------------------------------------------------------------------ 
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            N-terminal  CX13CX2CX5C motif          Walker A  
Homo sapiens-nbp35               ------------------------------MEEVPHDC-----PG-------ADSAQAGRGASCQGCPNQRLCASGAG------AT-PDTAIEEIKEKMKTVKHKILVLSGKGGVGKSTF 
Saccharomyces cerevisiae-nbp35   -----------MTEILPHVNDEVLPAEYELNQPEPEHC-----PG-------PESDMAGKSDACGGCANKEICESLP-------KG-PDPDIPLITDNLSGIEHKILVLSGKGGVGKSTF 
Dictyostelium purpureum-nbp35    -------------------------MSDQLVAPPPEHC-----PG-------TQSEMSGKSAACAGCPNQQICAAPKG---------PDPDLVEIEERMKSVKHKILVLSGKGGVGKSTF 
Entamoeba dispar-nbp35           --------MSCDKNCATCPSKGACSQQQPTPDTCSHNC-----DSCPSKSSCSQAGSSGCTHNCATCSHKGSCGGGSA-------G-PDIEMDEIVEKMKGIKHKYIVLSGKGGVGKSTF 
Naegleria gruberi-nbp35          --------------------MENKPSSEAVPENANEHC-----PG-------VESQNAGKSSSCAGCPNQSLCASGGMKN--GINQ-TAVETEQIKEAMKSIKRKFLVLSGKGGVGKSTV 
Guillardia theta-nbp35           --------------------------------------------------------MAGKSSTCVGCPNQAACASGQS------SA-PDPAIEEIKARMSLVKHKILVLSGKGGVGKSTV 
Encephalitozoon cuniculi-nbp35   ---------------------------------MGESC-----PG-------VSSKDAGKAEECKGCPNVGYCSQPVQ---------QDPDIKAIQENLSGVKAVIAVMSGKGGVGKSTV 
Trypanosoma vivax                ------------------------------MEGANSTC-----VG-------PESPEAGVAPSCQGCPNAALCASMP-------KG-PDPDIELIGRRLSGVKSKVMVISGKGGVGKSTL 
Giardia lamblia-nbp35            -------------------------------MTADHKCNCRSRATFLKMADQPVSASNCQPDKCAGCPSKGSCGSSTE----------SPDNRAIAEKLKNIGTIILVLSGKGGVGKSTV 
Blastocystis-nbp35               ---------------------------MSSVPNANPSC-----VG-------PQSEQAGRAAGCQGCPNQGRCSSGEL------RK-PDPALELIRRRMSSIKHTVMILSGKGGVGKSTV 
Blastocystis sp. NandII-nbp35    ---------------------------MSSVPNANPSC-----VG-------PQSEQAGRAAGCQGCPNQGRCSSGEL------RK-PDPALELIRRRMSSIKHTVMILSGKGGVGKSTV 
Phytophthora infestans-nbp35     -------------------------MATSAPANANAEC-----VG-------PQSEQAGKAGGCVGCPNQSLCASGTS------RQ-PDPAVSDVKQRLAGVKHKLLVLSGKGGVGKSTV 
Phaeodactylum tricornutum-nbp35  ------------------MTEASSENAGDAPANANTGC-----VG-------PTSETAGKASACDGCPNQSACSTGAFSSPEAVAK-AEAEVEALNRSLSNVSHVILVLSGKGGVGKSTV 
Arabidopsis thaliana-nbp35       ------------------------MENGDIPEDANEHC-----PG-------PQSESAGKSDSCAGCPNQEACATAP-------KG-PDPDLVAIAERMSTVKHKILVLSGKGGVGKSTF 
Micromonas sp.-nbp35             ------------------------MDQVTIPEDANTNC-----PG-------TNADAAGKVPACTGCPNQGACAAASH-------G-VHSDVVAIRDRLESVRHKILILSGKGGVGKSTF 
Cyanidioschyzon merolae-nbp35    ----------------------------MTETSVPVSC-----PG-------TESEQAGRAAACYGCPNQTACAAGKN------TT-VDPDRVAIANRLAGVQRVLFVVANKGGCGKSSV 
Cryptosporidium hominis-nbp35    SRLTINYLKSIIFSISYIKTDSVISKYQNHFNNQIDNC-----VG-------VDSPDAGIADSCAGCPNAPICASGQA----------KKKPIENIENLSKVKNIILVLSGKGGVGKSTI 
Tetrahymena thermophila-nbp35    SQQAGTASSCAGCPNKAKCSSQNTEENKVVPDNANEGC-----PG-------TQNKEAGKMSACQGCPNQQICASGKA------NE-PDPALKDVERRMKLVKHKILVLSGKGGVGKSTV 
Metallosphaera cuprina           ---------------------------------------------------MSSNPFRLQSPQPAKQPRDLRKAPAPQ---------VQGADLKIQSRMKNVKYKVAILSGKGGVGKSFV 
Pyrococcus furiosus              -------------------------------------------------------------------------MTIKAPTLNVPGLGVDPLTQRIKEKEKKWKYKIAVLSGKGGVGKSTV 
Methanococcus maripaludis        ---------------------------------MAEEC----------------------SGNCDSCGSSSDCSDTKK--------MMEQQNAQIRDNMSKIKYKIAVMSGKGGVGKSTV 
Homo sapiens-cfd1                -----------------------------------------------------------------------------------------MEAAAEPGNLAGVRHIILVLSGKGGVGKSTI 
Saccharomyces cerevisiae-cfd1    --------------------------------------------------------------------------------------MEEQEIGVPAASLAGIKHIILILSGKGGVGKSSV 
Dictyostelium purpureum-cfd1     --------------------------------------------------------------------------------------------------MDKIKHKILVLSGKGGVGKSTV 
Entamoeba dispar-cfd1            --------------------------------------------------------------------------------------MTELNADRNFVGVDHVKNVILVLSGKGGVGKSTI 
Naegleria gruberi-cfd1           -----------------------------------------------------------------------------------------MQEQLFSEKLSHIKNIIIVLSGKGGVGKSTV 
Guillardia theta-cfd1            -------------------------------------------------------------------------------------------------MLQEGTKAVVVLSGKGGVGKSSV 
Encephalitozoon cuniculi-cfd1    ------------------------------------------------------------------------------------------------------MSRIAVMSGKGGVGKSSV 
Trypanosoma vivax-cfd1           ----------------------------------------------------------------------------------------------MTSALHGVKHIILVLSGKGGVGKSTV 
 
 
Homo sapiens-nbp35               SAHLAHGLA-------EDENTQIALLDIDICGPSIPKIM---GLEGEQVHQSG-----SG-WSPVY-------------VE--------DNLGVMSVGFLLSSPDDAVIWRGPKKNGMI 
Saccharomyces cerevisiae-nbp35   AAMLSWALS-------ADEDLQVGAMDLDICGPSLPHML---GCIKETVHESN-----SG-WTPVY-------------VT--------DNLATMSIQYMLPEDDSAIIWRGSKKNLLI 
Dictyostelium purpureum-nbp35    SSQLSFALA-------MNTEEQVGLLDIDICGPSIPKIM---GLEGEVIHISG-----QG-WDPVY-------------VE--------DNLAVMSVGFLLDKEEDAVIWRGPKKNGLI 
Entamoeba dispar-nbp35           TTQFGWVLS---------EDKQVGICDLDICGPSIPQMF---GQVGVNCTAGM-----TG-IQPIY-------------VT--------ENLCTMSIGY-LTTTETAIVWRGPKKNGAI 
Naegleria gruberi-nbp35          SSQLALTMA----LCEKDSVPQVGVLDVDLCGPSIPTMF---GLEGYQLHQSN-----LG-WTPAY-------------YE--------DNLAVVSIGFMLPNKDDAVIWRGPKKNGLI 
Guillardia theta-nbp35           ASQVAMALS--------GGGNVTGLLDIDVCGPSAPRML---GVEDMDVHQSG-----SG-WQPVW-------------VD--------ENLCVMSIGFMLPSRDDAVVWRGVRKIGLI 
Encephalitozoon cuniculi-nbp35   TRNIAELMS--------SRGIATCILDLDLSGPSIPRLT---GTDGQLMCETN-----GR-LQPVE-------------VH--------GLLKAVSAGYLQDPCEEGVVFSSTLKTSAM 
Trypanosoma vivax                TKELAFALG--------RHGLEVAVVDLDVCGPSIPRLA---GVRGEDAHRSA-----AG-IEPVM-------------ID--------DSVCMISMHYLLESKNEAVLLRGPRKNGVV 
Giardia lamblia-nbp35            STQLGFYLA-------ENMEKNVGLMDVDICGPSIPTMT---SSQGSEVHQSA-----LG-WEPIS-------------VL--------PNMAIISIGFMLEKLDDPVILRGPKKHGII 
Blastocystis-nbp35               SSQIAFSLA--------SQGFQVGILDIDICGPSIPRMM---GALHGEVHQSN-----SG-WDPVY-------------VD--------DNLSVMSIGFLLGDPDDAVIWRGAKKHALI 
Blastocystis sp. NandII-nbp35    SSQIAFSLA--------SQGFQVGILDIDICGPSIPRMM---GALHGEVHQSN-----SG-WDPVY-------------VD--------DNLSVMSIGFLLGDPDDAVIWRGAKKHGLI 
Phytophthora infestans-nbp35     ACQLAFALA--------GKGFQVGLLDVDITGPSVPRML---GLVGQEVHQSA-----AG-WSPVY-------------VD--------DNLGVMSIGFMLPNADDAIIWRGPKKSGII 
Phaeodactylum tricornutum-nbp35  AAQLSHTLS--------NQGYAVGLLDVDLCGPSAPRMVLGDACTSQTIHKSG-----SGAWTPVY-------------AS--------ANLAVMSISFMLQDTNQAVVWRGPRKNALI 
Arabidopsis thaliana-nbp35       SAQLSFALA--------GMDHQVGLMDIDICGPSIPKML---GLEGQEIHQSN-----LG-WSPVY-------------VE--------DNLGVMSIGFMLPNSDEAVIWRGPRKNGLI 
Micromonas sp.-nbp35             AAQLAYALS--------SRNYRVGLLDVDICGPSVPLLF---GQEGKDVHRSN-----SG-WSPVF-------------VT--------DNLSLMSIGFLLPNADDAVIWRGPRKDGLI 
Cyanidioschyzon merolae-nbp35    AAQLAFAFASGVACEAVDRELEVGLLDADVTGPSIPHLL---SIAEEEVHQSA-----TG-WQPVY-------------VR--------GNLAAMSIGFMLPSKDDAVAWRGARKTGLL 
Cryptosporidium hominis-nbp35    SSQISWCLS--------SKKFNVGLLDIDICGPSAPKMM---GVQDNDVHISA-----NG-WSPVY-------------VN--------DNLSVMSTAFLLPQSDDAVIWRGPKKNGLI 
Tetrahymena thermophila-nbp35    SSQLAFQLA--------NLGYEVGLLDIDICGPSIPRML---GLLDHEVHNSA-----DG-WSPVY-------------VE--------DNLGVMSIGFLLGNQDDAVVWRGPRKNGLI 
Metallosphaera cuprina           SSNLAMALA--------AAGKSVGIIDVDFHGPSVPKML---GVRGQMLTADD-----NG-INPVN-------------GP--------FGIKVVSIDFLLPRDDTPVIWRGSIKHSAI 
Pyrococcus furiosus              AVNLTAALA--------KMGYFVGILDADIHGPNVAKMF---GIGNTDIYAEKFEDGHFE-MIPPT-------------VD---FMGQVTPIKVMSMGMMVPE-DQPIIWRGSLVTKAI 
Methanococcus maripaludis        TVNLAATLN--------MMGYKVGVLDGDIHGPNIPQML---GVDQIQPMADE-----NG-IYPVS-------------TP--------QGIKTMSIGYFLPDKNTPIIWRGPKASGAI 
Homo sapiens-cfd1                STELALALR--------HAGKKVGILDVDLCGPSIPRML---GAQGRAVHQCD-----RG-WAPVF-------------LD------REQSISLMSVGFLLEKPDEAVVWRGPKKNALI 
Saccharomyces cerevisiae-cfd1    TTQTALTLC--------SMGFKVGVLDIDLTGPSLPRMF---GLENESIYQGP-----EG-WQPVK-------------VE----TNSTGSLSVISLGFLLGDRGNSVIWRGPKKTSMI 
Dictyostelium purpureum-cfd1     SSQLALYLA--------HTGNKVGLLDVDLCGPSIPKMI---GVENKEVHKSS-----KG-WVPVY-------------TD------ETQSLGVISIQFLLGDKDTPVIWRGPKKNSMI 
Entamoeba dispar-cfd1            ATALARSFA--------LVGKKTGILDIDLCGPSVPKMM---GLDNQGVYQGE-----HGGILPAK-------------SQ-----IGDTFIDTLSVGFMLSSPDAPVIWRGPKKGAAI 
Naegleria gruberi-cfd1           SCQLALTLA--------NMKYKVGILDVDICGPSVPGIL---GVSNKEIVQSQ------------------------------------DELKCMSIGFLLKNKDDAVIWRGPKKNSMI 
Guillardia theta-cfd1            ATGIAISLS--------EEGKKVGILDVDLCGPSVARIL---GLEGKEVMQSS-----EG-WIPVQ-------------TD------GENPLSVMSVSFLLASRDNAVVWRGPKKNAMI 
Encephalitozoon cuniculi-cfd1    SIMLSTVLS--------EKG-RTLLLDFDLCGPSIASGF---GAK-ENVYKGE-----KG-LVPIR-------------VS--------KNLYILSMALLMKD-SDSVIWRGPKKMSVL 
Trypanosoma vivax-cfd1           ACQLALALA-------FKHGKTVGLLDVDICGPSVPTIC---GLTGRDVLRTE-----KG-WEPVSLLKPHDGAAEGQVVENVSPEGGGADVKVMSIAFLLPSENDAVVWRGPKKDALI 
 



     Mrp family Signature 
Homo sapiens-nbp35               QFLRDVDW----G------E-VDYLIVDTPPGTSDEHLSVVRYLATAH-I---------------DGAVIITTPQEVSLQDVRKEINFCRKVKLPIIGVVENMS--GF------------ 
Saccharomyces cerevisiae-nbp35   KFLKDVDW----D------K-LDYLVIDTPPGTSDEHISINKYMRESG-I---------------DGALVVTTPQEVALLDVRKEIDFCKKAGINILGLVENMS--GF------------ 
Dictyostelium purpureum-nbp35    QFLKDVYW----N------E-LDYLVVDTPPGTSDEHLSIVQYLKTSN-I---------------DGAVIITSPQDVALIDVRKEINFCKKVGVPIIGVVENMS--GF------------ 
Entamoeba dispar-nbp35           QFLHDVEW----G------D-LDYLVFDTPPGTSDEHLTIVSILTKSN-V---------------DGAIIVTTPQDVSLIDVRKEINFCKKIGLPIIGVVENMS--GF------------ 
Naegleria gruberi-nbp35          QFLRDVYW----G------DYLDYLIIDTPPGTSDEHITIVQYLKNVD-I---------------DGAIIVTTPQDVSCNDVRREINFCKKVGIPIIGIIENMS--GF------------ 
Guillardia theta-nbp35           QFLKDVNW----E------K-LDYLVIDAPPGTSDEHITIAQCLNQTS-N---------------VGAVIVTTPQEVALLDVRKEINFCRKAGVKILGVIENMA--GF------------ 
Encephalitozoon cuniculi-nbp35   KLLKWCSY----E------G-TDVLLLDTPPNVTDEHLGMVNFIRP-------------------RFGIVVTTPQKFSLQDVARQVDFCRKARIEVLGIIENMK--RF------------ 
Trypanosoma vivax                MFFKDVVW----G------G-IDIMLIDTPPGTSDEHITASSLLQQCGGV---------------TGAILVTTPQLVAEADVRREVNFCQKAKIPILGIVENMS--SF------------ 
Giardia lamblia-nbp35            NFLKDVHW----HFDSEKIE-DNYLIIDTPPGTSDEHLSVINMLSAAMRVLNKEKETDPSVHTPTFFAVVVSTPQEVALADVRKEINFCKQIKVDVKGVIENMS--GF------------ 
Blastocystis-nbp35               QFLSEINW----G------E-LDYLIIDTPPGTSDEHISIVNFLRDVG-I---------------DGAVIVTTPQEVALSDVRKEIRFCQRSGIRIIGIIENMSEVNF------------ 
Blastocystis sp. NandII-nbp35    QFLSEINW----G------E-LDYLIIDSPPGTSDEHISIVNFLRDVG-I---------------DGAVIVTTPQEVALSDVRKEIRFCQRSGIRIIGIIENMSEVNF------------ 
Phytophthora infestans-nbp35     QFLVDVQW----G------E-LDYLIIDTPPGTSDEHISIVQYMKEAD-L---------------DGAVVVTTPQEVALSDVRKELNFCRKTNINVLGVVENMS--GV------------ 
Phaeodactylum tricornutum-nbp35  QFLTEVDWTGDTD------G-LDYLIIDTPPGTSDEHISTVQYLQKASAV---------------SGAVVVTTPEEVSLADVRKELSFCRKTDVPVLGIIENMG--SYQTRLSQMEFSKD 
Arabidopsis thaliana-nbp35       QFLKDVYW----G------E-IDYLVVDAPPGTSDEHISIVQYLLPTG-I---------------DGAIIVTTPQEVSLIDVRKEVSFCKKVGVPVLGVVENMS--GL------------ 
Micromonas sp.-nbp35             QFLKDTEW----T------D-LDFLIVDAPPGTSDEHLSVVQHMKLAG-I---------------DGAIIITTPQEMALADVRKEINFCKKVGINILGVVENMS--GL------------ 
Cyanidioschyzon merolae-nbp35    QFLRDVDW----G------DYLDWLIIDMPPGTSDEHITLTQALAGIA-N---------------TAALIVATPQEVALLDVRKQVRFCERAGVPIVGIVENMS--YY------------ 
Cryptosporidium hominis-nbp35    QFLSDVVW----G------E-LDFLIIDTPPGTSDEHLSIVSYLNGSN-V---------------NGALIVTTPQEIALQDVRKEINFCKKVGLNILGVVENMG---------------- 
Tetrahymena thermophila-nbp35    QFLTDVNW----G------E-LDYLIIDTPPGTSDEHISCVQYLQPGE-G---------------DGAIVVTTPQEVSLQDVRKELSFCQKTKTNILGVVENMS--GF------------ 
Metallosphaera cuprina           QFLGDVNW----G------Q-LDYLIIDMPPGTGDEALSVAQLVPN---I---------------TGFIIVTIPSEVSTLAVRRSINFTKTVNTKIIGVVENMS--YF------------ 
Pyrococcus furiosus              QLLGDVMW----G------E-LDFMIIDFPPGTGDEILTVVQSIQ----L---------------DAAIVVTTPQEVALLDTGKAVNMMKKMEVPYIAVIENMS--YL------------ 
Methanococcus maripaludis        QFLSDVNW----G------E-LDFLLIDTPPGSGDIQITTLQAIPD---I---------------DGVVIVTTPEEVSVLDARKSVSAANTLEIPIIGIVENMG--GF------------ 
Homo sapiens-cfd1                QFVSDVAW----G------E-LDYLVVDTPPGTSDEHMATIEALRPYQ-P---------------LGALVVTTPQAVSVGDVRRELTFCRKTGLRVMGIVENMS--GF------------ 
Saccharomyces cerevisiae-cfd1    QFISDVAW----G------E-LDYLLIDTPPGTSDEHISIAEELRYSK-P---------------DGGIVVTTPQSVATADVKKEINFCKKVDLKILGIIENMS--GF------------ 
Dictyostelium purpureum-cfd1     QFIDDVNW----G------E-LDYLIIDTPPGTSDEHISVTEELLKHN-V---------------DGAILVTTPQGVSISDVRKEISFCNAIKLPIIGIIENMS--GY------------ 
Entamoeba dispar-cfd1            QFLNDVEW----G------D-KDVLVVDTPPGTSDEHITIMDFFRKRNQE---------------TKAVIVTTPQLVATNDVEKEIDFCHECQIPIIGLVENMS--GY------------ 
Naegleria gruberi-cfd1           QFIQDVCW----K------E-LDFLIIDTPPGTSDEHITLAELLRDFK-N---------------INSIIVTTPQNVSTIDVSREINFCKKLNIPIRGIIENMS--GY------------ 
Guillardia theta-cfd1            QFFTDVVW----G------K-LDYLIIDTPPGTSDEQLSCIEYLKETNFL---------------NGAVLVTTPQSVSLVDVRKEISFCRKLEVPILGMVENMS--GF------------ 
Encephalitozoon cuniculi-cfd1    MFYESID------------G-FDNVVFDMPPGISEEHGFLIGK------D---------------VGALIITTPQNVSLGDSSKAIDFCASNGIRILGLVENMS--GY------------ 
Trypanosoma vivax-cfd1           QFISDVNW----G------P-LDYLIVDTPPGTSDEHLTLCEVLKPHD-P---------------TGAVIVTTPQDVATDDVKKELSLCHKLGLRCLGIVENMS--GF------------ 
 
      C-terminal CPXC motif 
Homo sapiens-nbp35               --------------ICP------------------------KCKKE--------------------------------------------SQIFPP--TTG-----------GAELMCQD 
Saccharomyces cerevisiae-nbp35   --------------VCP------------------------NCKGE--------------------------------------------SQIFKA--TTG-----------GGEALCKE 
Dictyostelium purpureum-nbp35    --------------VCP------------------------KCNKE--------------------------------------------SQIFIP--TTG-----------GAEQMSKD 
Entamoeba dispar-nbp35           --------------VCP------------------------CCHKE--------------------------------------------STIFPP--TNG-----------GAQKMCEE 
Naegleria gruberi-nbp35          --------------VCP------------------------NCKNK--------------------------------------------AMIFKP--TSG-----------GGQQLAID 
Guillardia theta-nbp35           --------------VCP------------------------HCGNS--------------------------------------------SEIFVP--SEADSVQGPSAVLRGAEAMAKK 
Encephalitozoon cuniculi-nbp35   --------------TCQ------------------------KCGHS--------------------------------------------KSIF----RSV-----------GVESYCMS 
Trypanosoma vivax                --------------VCP------------------------GCGKS--------------------------------------------SVIFPSAGSCG-----------AGERLSAE 
Giardia lamblia-nbp35            --------------VCP------------------------CCNKE--------------------------------------------TQIFNP--SSG-----------GVKQLCAD 
Blastocystis-nbp35               --------------EMT------------------------ECRYR----------------DYFGNDITDAVVAKLNEAFPEFAHLIGSICIFPP--SNN-----------GGEGLAQW 
Blastocystis sp. NandII-nbp35    --------------EMT------------------------ECRYR----------------DYFGNDITDAVVAKLNEAFPEFAHLIGSICIFPP--SNN-----------GGEGLAQW 
Phytophthora infestans-nbp35     --------------QRPLSDVKFVGA---------------DGNDE-----------------------TSAFMKLLQEKAPELLKHSVQMEVFPA--STG-----------GGEAMAKK 
Phaeodactylum tricornutum-nbp35  GQDCTAQMLAVLREKCP---------------------EVLDCVAA--------------------------------------------SNLFSV--NAG-----------GAEQMATD 
Arabidopsis thaliana-nbp35       --------------SQPLKDVKFMKLATETGSSINVTEDVIACLRKNAP---------------------------------ELLDIVACSEVFDS--SGG-----------GAERMCRE 
Micromonas sp.-nbp35             --------------NLPM-----------------------NCAQVMFTSAENGSDITLKVRDAIQKNFPSGFTASSANVHFEPSSIRIQIDVFPA--SRG-----------GALKMCER 
Cyanidioschyzon merolae-nbp35    --------------TCR------------------------HCGHQ--------------------------------------------EEIFTP--TTG-----------GVQALCND 
Cryptosporidium hominis-nbp35    -------------------------------------------------------------------------------------------MIFKNAEHDS-----------SVKDMCDN 
Tetrahymena thermophila-nbp35    --------------ICP------------------------GCKCE--------------------------------------------SQIFPP--VTG-----------GAAKMCQD 
Metallosphaera cuprina           --------------VCP------------------------SESKN--------------------------------------------YYIF----GQD-----------KGKKMAEE 
Pyrococcus furiosus              --------------ICP------------------------HCGNK--------------------------------------------IDIF----GEG-----------GGEKLAEK 
Methanococcus maripaludis        --------------VCP------------------------ECDKV--------------------------------------------IDIF----GKG-----------GGEKAAKE 
Homo sapiens-cfd1                --------------TCP------------------------HCTEC--------------------------------------------TSVF----SRG-----------GGEELAQL 
Saccharomyces cerevisiae-cfd1    --------------VCP------------------------HCAEC--------------------------------------------TNIF----SSG-----------GGKRLSEQ 
Dictyostelium purpureum-cfd1     --------------VCP------------------------HCSEC--------------------------------------------TNIF----SSE-----------GGKLLAEQ 
Entamoeba dispar-cfd1            --------------LCP------------------------HCSTV--------------------------------------------TNIF----SSN-----------GGKELADK 
Naegleria gruberi-cfd1           --------------VCP------------------------CCKEI--------------------------------------------TFIF----GSG-----------GGQKLSNE 
Guillardia theta-cfd1            --------------QCP------------------------CCGEV--------------------------------------------TDIF----SRG-----------GGEKLAIE 
Encephalitozoon cuniculi-cfd1    --------------CCE------------------------CCGSS--------------------------------------------VNIF----GSK-----------GGERLAEE 
Trypanosoma vivax-cfd1           --------------VCP------------------------HCAHC--------------------------------------------TDIF----STG-----------GGRKLAEM 
 



 
Homo sapiens-nbp35               LEVPLLGRVPLDPLIGKNCDKGQS----FFIDAPDS------------PATLAYRSIIQRIQEF-----CNLHQSKEENLISS 
Saccharomyces cerevisiae-nbp35   LGIKFLGSVPLDPRIGKSCDMGES----FLDNYPDS------------PASSAVLNVVEALRDA-----VGDV---------- 
Dictyostelium purpureum-nbp35    MNVPFLGRIPIDPLIARSCDEGKS----YLISHPDS------------EATKQYNIVFNSKYRY-----RKKKKTTNY----- 
Entamoeba dispar-nbp35           MSVKFLGRIPLDPVIARSCDVGSP----YFIEHPDA------------DATKSFKEIYKQIIAN-----I------------- 
Naegleria gruberi-nbp35          YEIPFLGSIPLDPMVMQSCETGKS----IVKDHPES------------PASQAMKEIVQKIITH-----KKNNQ--------- 
Guillardia theta-nbp35           HGIPFLGRIPLDPKLGIASERGEA--------LKNS------------LALQSLQSAVQNLRIN-----CKGNT--------- 
Encephalitozoon cuniculi-nbp35   NGIAYLGSIDLKQDIAKRSDSGDT----IEEE--------------------VLGKIVDAIMVV-----CSSKA--------- 
Trypanosoma vivax                FGIPLWGKIPLDQRLMKACEEGVS----LVNTCDEDT-----------LTLKTLKLISAKLISA-----AGLE---------- 
Giardia lamblia-nbp35            YKVKFLGRVPLDPQLTKASESGQA----WKKAVEEG------------TVSKGMEMFYEVVKGI-----LSE----------- 
Blastocystis-nbp35               ANVPFLGRIPIFTSLEKAGEMGQG------------------APAIGGHVFVVVSKIVNGMARR------------------- 
Blastocystis sp. NandII-nbp35    ANVPFLGRIPIFTSLEKAGEMGQG------------------APAIGGHVFVVVSKIVN------------------------ 
Phytophthora infestans-nbp35     FNVPFLGRLPLDNKMTGACEEGVS----FLEEYPDS------------VAAPAFGKIVQDLVAA-----VEK----------- 
Phaeodactylum tricornutum-nbp35  YGVPFMGRLPLDPDLLKACEQGKS----FVQTHPNA------------NAAVALKQFARQLNKV-----LPVNMDE------- 
Arabidopsis thaliana-nbp35       MGVPFLGKVPMDPQLCKAAEQGKS----CFEDNKCL------------ISAPALKSIIQKVVPS-----TVMTE--------- 
Micromonas sp.-nbp35             AGVEYLGSIPLDPAIAVASEKGLS----LFSKAEVSDKDLSDAPIQDFASLTSLNSIIDALLLQ-----LNEGKNR------- 
Cyanidioschyzon merolae-nbp35    SGVRFLGRIPLDPALMRASDLGEA----ILNY--DC------------PARDAIFELARHIGKA-----FSPKTIASLEVESS 
Cryptosporidium hominis-nbp35    MEVEYLNKIPWDKELLYVCDLGLS----ICEKFPQS------------PSSIGIKKLVDIIIYQ-----SKIN---------- 
Tetrahymena thermophila-nbp35    YKIDLLGKVPLEPKVLICTEKGKS----IVKEHPDS------------VAAKVYQHIAERVTQT-----LKVELPK------- 
Metallosphaera cuprina           LGVPLLGQVPLDPRIAESNDLGEP----FFLKYLDS------------PASKEFLKIADEVIEQ-----VENQKLSDLNLK-- 
Pyrococcus furiosus              EGVDFLGKVPIDLKAREASDLGIP----IVL-YGDT------------PAAKAFMEIAEKLVNK-----LKEIKGDGREK--- 
Methanococcus maripaludis        LNVFFLGRIPLDIKARVASDRGVP----MVTM--DC------------KASEEFKKVVNTVLER-----IKKE---------- 
Homo sapiens-cfd1                AGVPFLGSVPLDPALMRTLEEGHD----FIQEFPGS------------PAFAALTSIAQKILDA-----TPACLP-------- 
Saccharomyces cerevisiae-cfd1    FSVPYLGNVPIDPKFVEMIENQVSSKKTLVEMYRES------------SLCPIFEEIMKKLRKQDTTTPVVDKHEQPQIESPK 
Dictyostelium purpureum-cfd1     CNIKFLGKLPIDPNLSICSERGIN----YFKEYPNS------------STLSALKTFAEALNN-------------------- 
Entamoeba dispar-cfd1            YQLKFVGAIPIEPKICLAGETGVN----PFADEPSA------------NALKPITDFVANLAKTFA----------------- 
Naegleria gruberi-cfd1           YNIPFLGSIPIEPELANAEDNGIN----YIKNFSNS------------VTSMQFTNIVNIILN-------------------- 
Guillardia theta-cfd1            MGMKFLGRIPIELKWSEMEDRGKM----TIQGEERK------------AVMLPFKQVIHGIASA------------------- 
Encephalitozoon cuniculi-cfd1    TGIPFVCRLPIDSLLCEALDEGR-----FVERCGSI------------EAYMKFRKAVLGLAD-------------------- 
Trypanosoma vivax-cfd1           YEVEFLGAIPIDPRLSLAEDNGQC----FITTSACPEGSPG-------DGVTAVTNVINAIVNQ-----AEKVLLQRSGNA-- 
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Figure S7 - Localization of Nbp35
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         |-----------------------------------------------------------------------------------------------------------SAM motif?---------- 
Homo sapiens     -------------------------------------------------------MADFGISAGQFVAVVWDKSSPVEALKGLVDKLQALTGNEGRVSV------ENIKQLLQSAHKESSFDIILSGLVPGS--TTLHSAEILAEI 
Saccharomyces    -----------------------------------------------------------MSQYKTGLLLIHPAVTTTPELVENTKAQAASKKVKFVDQF-----LINKLNDGSITLENAKYETVHY-LTPEAQTDIKFPKKLISVL 
Trypanosoma      -------------------------------------------------------------------------------------------------------------------------------------------------- 
Phytophthora     -------------------------------------------------------------MALQGNVAILTRLQDTASAVQQFKQTNPQVADVTVLAVAEDSDVTQTVTSSSASAKENAFDGIVS--------FSEQTEELGIEL 
Arabidopsis      --------------------------------------------------------MDSMMNQKTVLAVTDDVVLPVSSVLAIMKELGKEVIESFDPLI-----ITQASTINQFPLDASSVEAVLA----ISKTSDFPSDKICGEF 
Micromonas       -------------------------------------------------------------------------------------------------------------------------------------------------- 
Dictyostelium    ------------------------------------------------------MNSLSLELNKEQEVLIISDVENSESIINQVKELSKTVTTSLSKEQ---------------QQIQNNFDHVII------ISSKPFNSALISMY 
Cryptosporidium  ------------------------------------------------------------MTQLIITYQSDSKLEESEVFLSELNRIKKEEDKFAKFSS---------LSDLRAIVKKGEFRIVSIYLSSGSILAEIFTFEFLKEF 
Tetrahymena      -----------------------------------------------------------------MNTVVFAASKEQRESLLETRNIKETVVADSTILI--------------EYLRDNSFKLFLA-------QVDNISELPLKTL 
Naegleria        -------------------------------------------------------------------------------------------------------------------------------------------------- 
Drosophila       ------------------------------------------------------------MENFKGLQKSLYIWTDSADLDKRVEQLKAATGGDVALEN--------VHRLSFSSYANSSFDLIVI--------ECAQLTDSYVKL 
Encephalitozoon  -------------------------------------------------------------------------MEDKEELRKLLRSMMRK-------------------------------------------------------- 
Phaeodactylum    MVPPREDVTVRIVCERRRTAGKEARPPPSAKPTPGNTSSHPNAKETHRSNEPFFRLYTKQSHRRSIMASTLCVVLGSASSTDPAAISAATMTDAAAKTI--------------HDAIYESLELVVV----ASELADVYDSMELSRF 
Plasmodium       ------------------------------------------------------------MMNFADTLVILNDDAPCELLRKKYAEMLVPTVSVSSFKR---------------NKIYKTYNNVFLYTYREFDFLWDLDDNILHKV 
Cyanidioschyzon  -------------------------------------------------------------MVSEYTTNVLDLVSRTKTLQEAVEELVSHIHGAALAQA---------LHSWSLDLGAASQNATAT---RERAIAALCSWQVLDAL 
 
  ----------------------------SAM motif?--------------------------------------| 
Homo sapiens     ---ARILRPGGCLFLKEPVETAV--DNNSKVKTASKLCSALTLSGLVEVKELQ---REPLTPEEVQSVREHLGHESDNLLFVQITGKKPNFEVGSSRQLKLSITKKS---------------SPSVKPAVDPAAAKLWTLSANDME- 
Saccharomyces    ---ADSLKPNGSL-----------------IGLSDIYKVDALINGFEIINEPDYCWIKMDSSKLNQTVSIPLKKKKTNNTKLQSGSKLPTFKKASSSTSNLPSFKKADHSRQPIVKETDSFKPPSFKMTTEPKVYRVVDDLIEDSDD 
Trypanosoma      -----------------------------------------------------------------------------------MSSPAPSTSHNAANSTQAFSLKTR---------------------------------------- 
Phytophthora     GAVLPLLKTGGVLQLH---------VANVKEEKKNAILMALMIGGLVDTSDKQ-----------------------------ESSPFYPEFSDAVSFTSKKQSFESA------------AIPLAVKSTTTQP--IKKWTVLADDFGD 
Arabidopsis      ---SRILKPGGTVSVCKVLEGET-------GEIQQTIQRRVTLAGFLEPQCLD----------------LKSIKLSTFSLSFGIKAKKPSWKIGSSFALKKPVTNLF---------------------------------------- 
Micromonas       --------------------------------------------------------------------------------------------------------------------------------------------------- 
Dictyostelium    ---SNLLKKGGKLSIY----------QTNENETLVNSGMDFLIGGLVDFKATS-----------------------NSTYKTIVHADKPSWDTNESSTINIPSTSSN---------------------------------------- 
Cryptosporidium  ---YGVLDFGSVLKVN--------ILALDSIDKVKAFERNLLFSGFIKVKKLK----------------GDGLNSSDSDFEIVIKAEKPSWKPEEGKVLV----------------------------------------------- 
Tetrahymena      GHIYRILANEGQIIIK---------FTSINQEDFEKFVKLLKATGFKNSNPAQ------------------------TATSNQLVFVKPEFQQAASLKREVASTNAT---------------QNQNSTTATTETQNNVYGQYMHSPV 
Naegleria        ------------------------------------------MNGFLSITQQE----------------------------SVVKATKPSLNLGSSFSLSTKQAQTA-----------------PINTTTQQTNVKKWTLTNLD--- 
Drosophila       ---LHMLKPSGKLHLVSFIGPAA------------SLLQEIKLSGFINCREDS---------------------------PDALTAEKPGYETGSSARLSFAKKNAN--------------------------AVNVWKISGD---- 
Encephalitozoon  --------------------------------------------------------------------------------------------------------------------------------------------------- 
Phaeodactylum    ---TKILSPNATVSVS---------VIGDATKSLSPIHTSFLLAGLANNSERR-----------------------NADGSRTLTATRRNNTTNSVATLNFASNNNN---------------------------------------- 
Plasmodium       ---QRCLNKSGVLKLVLYISNTAGGDSQRHDEIAKRLKKECLYSGFINISNET--------------------NMAENGIIINVTAENPDFLSNED--------------------------------------------------- 
Cyanidioschyzon  ---DAGTAPAGCVIFRDITEAEA-----------HQLRERFLSIGWAAEEPEP----------------------------TVNGARVPESQDTGSSEPSGFSLRAL---------------------------------------K 
 
           CX2CXC motif          CX2CX7CX2C motif 
Homo sapiens     ----------------DDSMDLIDSDELLDPEDLKK------PDPASLRAASCGEG----KKRKACKNCTCGLAEELE---------------KEKSREQMSSQ--------PKSACGNCYLGDAFRCASCPY-------------- 
Saccharomyces    DDFSSDSSKAQYFDQVDTSDDSIEEEELIDEDGS---------GKSMITMITCGKSKT--KKKKACKDCTCGMKEQEENEINDIRSQQDK---VVKFTEDELTEIDFTIDGKKVGGCGSCSLGDAFRCSGCPY-------------- 
Trypanosoma      --------------------RPIDEDDLLTAEDR--------EAKSTVEKLDCAT------RRRACKNCTCGRAELERQL-------------EAGGSQVMGAM--------PPGGCGNCAKGDAFRCAGCPY-------------- 
Phytophthora     ----------------DQDDDIIDEDTLLDDTDE----------VLQAAKADCGDAVG--GKKRACKNCTCGLKDEND---------------KPVMSEKDLNS--------LVSGCGNCFKGDAFRCGSCPF-------------- 
Arabidopsis      ------------KIDLDDDVDLIDEDSLLTEEDL--------MKPQLPVASGCET------TKKACKNCVCGRAEIEEKAV------------KLGLTEDQIEN--------PQSSCGSCGLGDAFRCGTCPY-------------- 
Micromonas       ----------------------MDEDALLDEDELRAGAD---AAAAAKAAGDCST------SAKACKNCSCGRAEMEAAGDGDAGGEGSGSAPKKELTEEEKKN--------FKSACGNCDLGDAFRCAGCPK-------------- 
Dictyostelium    -----------NPWASIEGGDRINENDLVSENDK--------TSKPATTLDDCEVG----KTKKACKNCTCGRAEEENQS-------------KPKLTKEMIEN------PGVGSSCGNCSLGDAFRCGGCPY-------------- 
Cryptosporidium  --------------------DDIDLEGSVPDIKN--------YVPLGQGKESCKS------KERACNNCNCGRADLEKEI-------GIEAARKVYQEKVETGT--------ARSSCGNCYLGDAFRCSGCPY-------------- 
Tetrahymena      VQVEPQIKKKNAFQAVKIDNNTVDEDALLNNDKV---------NVVVPTEESCAT------KPKACKNCTCGRKEKEQGLSD-----------DQLLQALEKGD--------IKSSCGNCYLGDAFRCASCPYKGLNLLILIQKNNK 
Naegleria        ------------------DDDVIGDDDLLEDDDL----------NNASTSDDCGTGIG--GEKKACKNCTCGRKEGEIP---------------------EPTE--------YVSSCGNCFKGDAFRCGTCPY-------------- 
Drosophila       ------------------DEELIDEEELLDEEDK--------QKPDPAGLRVCSTT----GKRKACKNCSCGLAEELE---------------TEKQSQKATEN--------AKSSCGNCYLGDAFRCSTCPY-------------- 
Encephalitozoon  ----------------STDPRTKMQDEYLTDEDK-----------AIQRSERPPA------KKRACKDCTCGLKEEQEVR--------------------------------TRSACGNCYKGDAFRCSGCPS-------------- 
Phaeodactylum    -----------------GNDLLIDEDNLLTDASNLLGAPPSMSAAATKSGDDCS-------GRAPCDDCTCGRAEGA----------------KEGNSEQPKEI--------KSSSCGKCSLGDAFRCASCPY-------------- 
Plasmodium       -----------------------DNDEHSSDGEA-----------HENAEDNKKV------VNRVCANCTCGKKANGVKLDTVAI--------NEKEVQYLTEN--------AVSSCGNCYLGDAFRCASCPY-------------- 
Cyanidioschyzon  PSDSAHFGKVFQLQDATVATEYIDDEELISSTELSGAQN---SEQANGKTSGCGTSGVALANRQPCANCTCGRRDQQDAAVNGGSFSENTA--KSDPAGKTPTM--------ETGSCNSCHLGDAFRCASCPY-------------- 
 
 
Homo sapiens     -----LGMPAF--KPG--EKVLLSDSN------------------------LHDA----------------------- 
Saccharomyces    -----LGLPAF--KPG--QPINLDS--------------------------ISDD-----------------L----- 
Trypanosoma      -----LGMPAF--DNAVDGKVKLD---------------------------LTDD-----------------I----- 
Phytophthora     -----LGKPAF--KPGM-EKVLLNLD-------------------------SSDD-----------------I----- 
Arabidopsis      -----KGLPPF--KLG--EKVTLSQNF------------------------LEAD-----------------I----- 
Micromonas       -----LGQPATAKSGG--TKVTVN---------------------------MADD-----------------LPF--- 
Dictyostelium    -----RGLPTF--KVG--EKIQLPDDF------------------------LVDD-----------------I----- 
Cryptosporidium  -----KGMPAF--KPG--EKVSLANAEGDANDRTVDMNLIHEEKVDLITTTFDDDGSGVSNVQSKGGVLKLNI----- 
Tetrahymena      LSIQQKGLPAF--KPG--DKVKLDLGFND----------------------ASSSQQKEGDVKVEGGKVKLAI----- 
Naegleria        -----LGMPAF--EPG--EKLQLKNTM---------------------------D-----------------I----- 
Drosophila       -----LGMPAF--KPG--EKVQLADNL------------------------LKSD-----------------I----- 
Encephalitozoon  -----LGLPPY--EPG--DVVSFSMD-------------------------LSNE-----------------FQGEDA 
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Phaeodactylum    -----LGKPAF--KPG--EEHLVLD--------------------------LQDD-----------------F----- 
Plasmodium       -----KGLPAF--QPG--ENVKLNLD-------------------------NEPN----------------------- 
Cyanidioschyzon  -----LGLPPF--KPG--APLKIDAKL------------------------LEGD-----------------L----- 
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